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Thousands of ways to cut bearing costs lie in our huge stock 
of high-precision dies for sintered bronze or iron bearings. 
The world’s largest inventory of dies is ready at an instant’s 


notice to turn out the exact bearings you need... without 


the delay or expense of tooling. One more assurance of the 


exceptional service you can expect of Bound Brook. 


BOUND BROOK 


Bound Brook Oil-less Bearing Co., Bound Brook, N. J. 
Circle 401 on Page 19 Pioneer in Powder Metallurgy Bearings and Parts. 
Plants at Bound Brook, N.J. and Sturgis, Mich. 





MOTOR USER'S CASE HISTORY 


“We've used 
BODINE MOTORS 
for 38 years!” 


.. HEDMAN COMPANY 


' “Yes, we started using Bodine Motors about the time John 
Barrymore was breaking records on Broadway with 101. per- 
formances of Hamlet. That was in 1922 . . and we’ve been using 

Bodine Motors ever since. Why? Because we need motors that are small in 
size, sturdily constructed, long lasting, trouble free, and quiet. And they 
have to supply the necessary high torque needed. Over the years we have 
found that Bodine Motors have consistently met these requirements. And, 
there’s another important thing in favor of Bodine: Their engineering staff 
has always been extremely important in helping us with our motor problems.” 


. . C. W. Johnson, vice-president, Hedman Company 








Here’s Hedman’s latest application 
of a Bodine Motor! 


This is a Keypunch Protector. It 
consists of a Hedman Royal Key- 
board Check Protector with a 
built-in IBM code key punch 
mechanism. As shown in the 
photo to the right, it automati- 
cally punches the correct amount 
into tab card checks, receipts, 
and register copies at the same 
time it imprints the amount. 
Hedman engineers selected the 
Bodine type VCF-12 motor be- 
cause they need a small, quiet 
motor that will last a long time 
and give trouble-free service. 


=lolelils 


Here's the story of Bodine's latest model business ma- fractional BODINE) eis aban 
chine motor. . the FSE-23. It's only 2%6” high . . weighs / horsepower 


only 1 pound 1] ounces..and delivers plenty of power. 
It fits into minimum space because it's rectangular in M £2 €) FQ —" 
2 


Bulletin tells story of late model business machine motor. 


shape. Ask for your copy of Technical Bulletin #1034. 
Bodine Electric Company, 2508 West Bradley Place, 
Chicago 18, Illinois. 
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HIGH STRENGTH AND STABILITY 
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WITH GOOD FABRICATION PROPERTIES 


AM 350 and AM 355 are metals for the space age! The combination of easy fabrication 

with high strength-to-weight ratio of AM 350 and AM 355 interests missile and supersonic aircraft 
designers with problems of high strength at elevated temperatures. 

This pair of precipitation hardening stainless steels from Allegheny Ludlum research 

are easy to fabricate in the annealed condition. They can be spun, drawn, formed, machined, 

brazed and welded using normal stainless procedures. 

Both alloys have high strength without embrittlement from room temperature to 1000°F, plus good 
ductility at elevated temperatures. They have remarkable stability and excellent corrosion resistance. 
AM 350 is available in sheet, strip, foil, small bars and wire. AM 355, best suited for heavier 
sections, is available in forgings, forging billets, plates, bars, wire, sheet and strip. 

For further information, see your A-L sales engineer or write for the new technical booklet, ““‘AM 350 
and AM 355,” Allegheny Ludlum Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 


Circle 405 on Page 19 
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How| B&W JOB-MATCHED TUBING 











provides ease of fabrication and freedom of design 


With low-cost B&W Welded Carbon Steel Mechan- These are just a few of the reasons it pays to 
ical Tubing you will have specify B&W Job-Matched Welded Carbon Steel~ 


.-. Ease of fabrication—provided through uni- Mechanical Tubing for your applications. 


formity of properties and tolerances and Call the tubing specialist at your local B&W District 
complete quality control including ultra- Sales Office, or write for Bulletin TB-419 for full 
Sonic inspection. information. The Babcock & Wilcox Company, 

.. Freedom of design—provided through range Tubular Products Division, Beaver Falls, Penn- 
of sizes, types of finishes, grades of steel. sylvania. 


THE BABCOCK & WILCOX COMPANY 
TA.9013.WH2 TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Prescription for Progress: 
More Imaginative Research 


Schools, Societies Called Upon 
To Stamp Out Conservatism, 
Stop “Hole-Plugging” Research 


Worcester, Mass.—A speed-up in 
scientific and technological progress 
would occur if conditions for re- 
search and development were more 
stimulating. And the stimulation 
should be directed at young re- 
searchers. 

These conclusions were reached at 
a conference on “Research Goals” 
held at Worcester Polytechnic In- 
stitute and attended by leading sci- 
entists, educators, and industrial re- 
searchers. The conference was spon- 
sored by the National Science 
Foundation and held in co-operation 
with 15 scientific and engineering 
societies. 

“Progress in science and technol- 
ogy has made its greatest strides as 
a consequence of a relatively few 
individuals whose originality of 
thought and brilliance of achieve- 
ment have blazed new trails lead- 
ing to discoveries of major conse- 
quence,” reads the report of the con- 
ference committee. “But modern re- 
search also requires the amassing 
of enormous amounts of detailed sci- 
entific and technological knowledge. 
Because of this, it is easy for re- 
search people to become preoccu- 
pied with goals of relatively small 
dimensions which . . . have little 
promise of leading to significant 
discovery.” 


Suggestions to Twig-Benders 


Seeking to jostle young research- 
ers out of the rut of scientific con- 
servatism, a resolutions committee 
formed at the conference had some 
recommendations for educators and 
engineering societies. 

To provide an atmosphere that 
will nourish young creative minds, 
colleges and universities can: 
® Develop educational programs 
which require the student to exer- 
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Orbit Jumper: The Restartable Satellite 


Increased agility in space exploration is promised by restartable versions of the 
Lockheed Agena satellite vehicle. The ‘production line'’ space package, with- 
out its restartable feature, has already been used in a half dozen successful 
Discoverer firings. It's now scheduled to be the workhorse in the Air Force Samos 
(photographic) and Midas (infrared) advanced reconnaissance satellite systems. 
Agena's ability to restart provides two big advantages: 1. Heavier payloads can 
be orbited by the same vehicle. 2. Circular orbits can easily be established— 
a necessity in the case of Samos and Midas. Here's how Agena will operate: 
Its engine will be shut down after orbital velocity is achieved at the perigee 
(low point) of an elliptical orbit. When the vehicle reaches the orbit apogee, 
the engine will be restarted and the thrust used to achieve a circular orbit. This 
coasting technique will permit a heavier payload to be placed in a higher circular 


orbit with a minimum energy expenditure. 


cise a high degree of originality and 
independence of thought. The stu- 
dent should be challenged with cre- 
ative experiences throughout his en- 
tire educational experience. 

e Bring talented youth into stimul- 
lative personal association with lead- 
ing scientists and engineers. 


e Encourage more  venturesome 
goals for doctoral research. The 
generally accepted requirement that 
a doctorate student must complete 
a specified research goal causes stu- 
dents to resort to “hole-plugging” 
research. A student should not nec- 
essarily be penalized if he fails to 
reach a distant objective. 


¢ Develop institutional policies 
which provide an encouraging en- 
vironment for venturesome research. 
This starts with faculty members 


who themselves are creative. 

® Develop closer liaison between 
college, industrial, and governmental 
research organizations. 

e Encourage undergraduate and 
graduate students who have novel, 
creative ideas to pursue the develop- 
ment of these ideas and help them 
obtain financial support. 

Scientific and engineering soci- 
eties can also support the cause of 
neo-research if they: 

e Establish more effective practices 
which will increase the attendance 
and participation of talented young 
members at meetings. 

e Encourage the presentation and 
publication of philosophical papers 
which look to the future of science 
and technology. 


© Develop comprehensive programs 
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SEND FOR GS. technical data, free! 
See where and how we mass- 


fulton cree an important G.S. specialty: 
ins 23 pi § G , 

plant view, as well as Diametrsi CUSTOM HOBBING! 

and Circular Pitch Tables. Ask for 


your copy on company stationery, : ’ ; 
please! You see here only a few of the many, many applications of the hobbing 


process which G.S. performs so expertly, either manufacturing complete 
FRACTIONAL HOn : : a . x 

< . or cutting on furnished blanks. Whether in the medium-coarse or fine pitch 
ranges, we handle the simpler designs by the hundreds or the thousands — 
and of course, with that famous G.S. constant-quality precision which as- 
sures you of smoother production and better product performance. But we 
take highly specialized and complex designs in stride, too — with 42 GS. 
years of top-flight experience backing up our unsurpassed production facili- 


ties, we can help in developing just the right way to do your unusual job. 

If you are getting ready to launch new items or models — or if you are 

BAIR revamping present lines for greater efficiency and lower costs—call G.S. in to 

help. All we know about Small and Intermediate Gearing (and that's a lot, 
7 ft “2 . . 

Specialties, Inc. if we do say so!) is at your service. Why not a letter or a phone call today? 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 








SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE AMANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


a: Sh Yews y Apuccializing in Jnall Gearing! 
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“The pace of progress of our 
whole emerging pattern of scien- 
tific and technological development 
depends largely upon our ability 
to bring forth research people who 
can leap ahead to the goals of 
larger ultimate consequence,” writes 
Arthur Bronwell, chairman of the 
“Research Goals” Conference, in his 
introduction to the conference com- 
mittee’s report. However, rigidities 
of a highly structured society block 
this kind of originality of thought 
and independence of effort. Be- 
cause most of our research effort 
is necessarily concerned with small 





Progress Demands a New Outlook 


extensions of existing knowledge in 
well-traveled fields, it holds virtual- 
ly no promise of leading to revolu- 
tionary discoveries. 

“Can we now find ways of creat- 
ing those conditions which will give 
more of our talented youth a new 
lease on the future—a new zeal for 
the pursuit of distant goals that 
might lead to highly significant dis- 
coveries in science and technology? 
Those who participated in this con- 
ference believe we can. However, 
this can be achieved only if we are 
willing to abandon orthodoxies and 
discard outworn traditions.” 








for digesting research knowledge. 

¢ Establish society meetings to de- 
velop more effective interchange of 
ideas between scientists and engi- 
neers in research areas of broad 
mutual interest. 

e Establish free forums at engineer- 
ing society conventions where any 
member may make a short presen- 
tation of his creative work. 

© Actively promote and encourage 
financial support for research. 

© Help older society members recog- 
nize the contribution which they 
can make by stimulating creativity 


Biggest Small Car 


among young people. 

The report stressed the need for 
financial support for colleges and 
universities: “The educational val- 
ues of research in the colleges can- 
not be underestimated; they are vi- 
tal, imperative, and essential to the 
bringing forth of creative minds.” 
Final recommendation of the confer- 
ence committee is that scientific and 
engineering societies take the initia- 
tive in bringing together leaders in 
education, industry, and government 
to study the problems of large-scale 
research. 











Middle-size Comet rolls into Ford's 
line-up between the Falcon and the 
standard-size Ford. First of the big- 
ger small cars, it offers a smoother 
ride than a compact, as well as 
luxury'’ touches in styling, trim, and 
interior appointments. The Comet is 2 
to 3 ft shorter than the three largest- 
selling standard cars and stretches 14 
in. beyond its cousin, the Falcon. 
Wheelbase of the station wagon is 
109.5 in.; length, 191.8 in. Wheel- 
base of the sedan is 114 in., 4.5 in. 





Engine Specifications 


Bore and stroke (in.) 30 £20 
Displacement (cu in.) 144.3 
Compression ratio 8.7 to | 
Power, max (bhp) 90 @ 4200 
Torque, max (lb-ft) 138 @ 2000 


longer than a Falcon. Both sedans 
and wagons are available in two and 
four-door models; all have six-cylinder 
engines which reportedly get 25 mpg. 
Price of the four-door wagon: $2365. 





Topics 


National Engineers’ Week, sponsored 
by the National Society of Profes- 
sional Engineers, is Feb. 21-27. Theme 
for this year’s observance is “Engineer- 
ing’s Great Challenge . . the 1960's.” 


Half a suit of armor is better than 
none, and it’s also less cumbersome 
than a whole suit. A recently patented 
reversible shield against blasts (atomic 
or otherwise) can be carried telescoped 
and pulled out when needed. The 
wearer affixes the shield to protect his 
back if he is fleeing the site of the 
blast, or if he elects to stay put, he 
places the shield on frontwards and 
stands against a wall or lies on the 
ground. 


Disarmament would have been a 
snap many centuries ago if plowshare 
processing equipment supplied by Lind- 
berg Engineering Co. had been avail- 
able. A new automated line at the 
John Deere Plow Works has a capacity 
of 700 plowshares an hour, and qual- 
ity and uniformity are said to be im- 
proved. 


Operating a real train with no more 
of a crew than that needed for the 
model that runs under the Christmas 
tree is a practical possibility, accord- 
ing to W. A. Robison, design engi- 
neer of Union Switch & Signal Div. 
of Westinghouse Air Brake Co. De- 
cisions on routing, starting, accelera- 
tion, deceleration, and stopping of a 
crewless train would be made by com- 
puters along the right-of-way. A dis- 
patcher (human, presumably) would 
supervise movements from a monitor- 
ing panel. 

ee e@ e@ 

Fried rice, tested and proved in 
Oriental diets, is a versatile industrial 
material as well. New processes for 
combustion of rice hull ash, developed 
by Ontario Research Foundation, To- 
ronto, have produced a refractory ma- 
terial usable at temperatures to 3000 F, 
a thermal insulator, abrasive materials, 
and a plastic filler. 


Pungent packaging has been made 
possible through the development of 
scented polyethylene film. “Clean 
linen” aroma for fresh laundry pack- 
ages; perfume for women’s clothing 
and accessories; cedar, pine, and spruce 
for men’s sport clothes; chocolate and 
spearmint for candy-box wrappings; 
and a cookie aroma for cookie and 
cracker-box wrappers all are available 
from Fragrance Process Co. Inc. Five 
fruit flavors, potato, and onion smells 
are also brewing. 
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WOLVERINE TUBE 
DIVISION 


GOODMAN LUMBER 
DIVISION 


Calumet & Hecla, Inc. 


URANIUM 
DIVISION 


PLEXONICS 
BELLOWS 
METAL & SYNTHETIC HOSE 
EXPANSION JOINTS 
AUTOMOTIVE 


Flexonics joins a famous family 
...to bring you better products and services 


Flexonics Corporation’s new affiliation with Calumet & Hecla, Inc., marks another 
important forward step. 

Over its fifty-year history, Flexonics has become a major factor in the precision 
forming of thin metals—in the manufacture of metal hose, metallic bellows, ex- 
pansion joints, hydraulic hose assemblies, automotive parts, aircraft and missile 
ducting systems—virtually everything for combined motion and fluid flow. 

Calumet & Hecla now brings its broad industrial base to Flexonics technology. 
To industry, this means that new research and development facilities, new produc- 
tion capabilities, will soon be bringing you even better Flexonics products, an even 
wider range of Flexonics services. 

The entire Flexonics organization is looking forward to serving you better . . . 
in more ways. 


Flexonics corporation 

1339 South Third Avenue, Maywood, Illinois 

a subsidiary of Calumet & Hecla, Inc. 
Circle 408 on Page 19 
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Tape Straightens Out the Tailpipe Tangle 


Most perishable parts on today’s 
automobiles are mufflers and tail- 
pipes . . . and some 750 different 
tailpipe configurations are concealed 
under the nation’s 70 million cars 
and trucks. For the big parts dis- 
tributor, all this is a mixed blessing 
. . « he sells lots of tailpipes, but 
he also has a tremendous amount 
of space tied up in unmanageable 
stacks of crooked tubing. Three 
major companies—General Electric 
Co., Baldwin-Lima-Hamilton Corp., 








Scant Scandium Stockpile 
Reaches One Pound 


Two discs, each about the size of a 
hockey puck, and together weighing 
1 lb, comprise the largest quantity of 
scandium ever produced. This rare met- 
al interests the Air Force because its 
density compares to that of aluminum, 
but its 1550 C melting point is ap- 
proximately two and one-half times 
that of aluminum. Union Carbide Met- 
als Co., division of Union Carbide 
Corp., produced the two discs and will 
study scandium's physical, chemical, 
and mechanical properties under Air 
Force contract. 
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and Nu-Era Corp.—have apparently 
relieved the pipe jam by combining 
their talents in machine design. 
The result: A tape-controlled tail- 
pipe bender which permits all 750 
different tailpipe configurations to 
be “stored” on tape (18 in. of tape 
per pipe) instead of in a warehouse. 
Now, all the operator needs is a big 
neat stack of straight pipe; the 
machine does the rest in about two 
minutes. Nu-Era Corp. will market 
the bender. 


The Atom Chasm: Bigger than the Missile Gap? 


Costs, Failures Hold Up Progress, 
Congress Looks for the Missing kw 


WasHINGTON—“In 1953, the U. S. 
held undisputed leadership in atom- 
ic-power technology, and we re- 
tained this leadership as late as 
1955. But by 1958, Russia had not 
only closed the gap, but in some 
areas had moved ahead of us.” 
These statements were the basis of 
a recent attack on the entire U. S. 
atomic-power program by Congress- 
man Chet Holifield (Cal.). Speaking 
before a Workshop Meeting of the 
Electric Consumer Information 
Committee, the Congressman paint- 
ed a discouraging picture of past 
accomplishments and future objec- 
tives in the U. S. atom effort. 


All Quiet at Shippingport 


“As of this date not one watt of 
civilian power is being generated 
in the U. S. by atomic reactors, 
except possibly by the small Oak 
Ridge HRE experiment. The Ship- 
pingport reactor, our first and larg- 
est central-station plant, has been 


shut down since October for planned 
replacement of fuel elements and 
will not be in operation until spring; 
AEC’s experimental boiling water 
reactor at Argonne is under modifi- 
cation and will not be in operation 
until late this year, and the Com- 
mission’s sodium reactor experiment 
at Santa Susana has been shut down 
since last October for correction of 
a fuel element failure.” 

Reactor plants under construction 
are also having their troubles, ac- 
cording to the Congressman. First 
and largest privately financed com- 
mercial plant in the country, the 
Dresden station, has recently run 
into technical problems—fuel-ele- 
ment cladding and control-rod fail- 
ures. The next largest commercially 
financed plant, Consolidated Edi- 
son’s Indian Point installation, has 
already experienced an increase in 
the estimated cost from $55 million 
to $100 million, and this may be 
only the beginning. 

The public and cooperative atom- 
ic energy plants report similar diffi- 
culties. The first cooperative public 
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Photograph courtesy of Philadelphio Gear Corporation 


Aristoloy LEADED" provides freer machining with 
no sacrifice of tensile strength at PHILADELPHIA GEAR 


The very qualities that make good gear steels—high-tensile strength, ex- 
treme wear and load resistance—make them difficult and expensive to 
| machine. 
ARISTOLOY | Philadelphia Gear Corporation solved this problem by switching to Copper- 
STEELS - 3 weld leaded steel. 

i} fy This helical gear, for example, is being cut from a bar of Aristoloy 4140 
leaded which has been heat treated to a 300 to 320 Brinell Hardness. The 
lead addition permits an increase in spindle RPM, increased hob feed and 
improvement in the number of pieces per tool grind. 

But none of the desirable strength qualities required of a gear steel are 

reduced by the minute lead particles. They act as built-in lubricant and in 

no way affect the physical properties. 

Write today for Leaded Steel booklet or new Products & Facilities Catalog. 
*iniand Ledloy license 


COPPERWELD STEEL COMPANY 
ARISTOLOY STEEL DIVISION + 4017 Mahoning Ave., Warren, Ohio + EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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atomic power proposal, submitted 
to the Commission in 1955, is still 
not complete. The completion date 
of 1959 has slipped to 1962, and 
the original cost estimate has gone 
up from approximately $25 million 
to $50 million. 

Of the seven public and coopera- 
tive atomic proposals submitted to 
the Commission in 1955 and 1956, 
only two are presently being pur- 
sued. These are the Piqua and the 
Elk River projects, neither of which 
is complete. The estimated cost of 
both projects has approximately 
doubled, and the original estimated 
completion dates have been extend- 
ed considerably. 

A Medal for the Navy 

According to Mr. Holifield, the 
only bright spot in our power re- 
actor program is our Naval Reactor 
program “where reactors at this mo- 
ment are performing a job which 
cannot be equalled by any other 
energy source. Admiral Rickover has 
not placed his nuclear submarine 
program in accordance with what he 
thought the Russians might be do- 
ing in nuclear submarine develop- 
ment. He has pressed ahead as rap- 
idly as possible, and as a result the 
security of the U. S. is greatly bol- 
stered by the possession of this 
unique and powerful weapon.” 

The Congressman thinks that the 
same policy should apply in the 
field of atomic-power development. 
“If not, we may forever be predict- 
ing that economic power will be here 
in 10 years—as we have been pre- 
dicting every year since 1953.” 
Solution? 

Mr. Holifield is critical of AEC’s 
policy of emphasizing only three 
basic reactor concepts (pressurized 
water, boiling water, and organic 
cooled and moderated). “If we con- 
fine our major bets to only three 
basic concepts, we may save money 
in the short run, but if we have 
guessed wrong, the cutbacks being 
made by AEC will prove to be ex- 
tremely costly.” He also suggests 
that instead of making more predic- 
tions, the U. S. should start con- 
struction “by 1965 on 300,000 kw 
boiling water and organic plants 
which should produce power at costs 
competitively in high-fuel-cost areas 
of the country. Presumably, these 
could be in operation before 1969. 
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Three Cylinders for Work or Play 





Four-wheel driven, by a three-cylinder engine, the DKW Bronco (top) will carry 


its full payload up a 50-deg. grade. 


The Jeeplike German import has eight 


speeds forward, two in reverse, can wade through water to a depth of 20 in. 


The same engine (center) that 
powers the Bronco also performs 
in the new sport coupe (below). 
The streamlined two-seater has an 
over-all length of 164 in. and is 
just 51 in. in height. (Volkswagen: 
160.2 in; 59.1 in.) The coupe is 
front-wheel driven, gets 35 mpg, 
and has a top speed of 87 mph. 


Engine 


Specifications Bronco Sport Coupe 





Bore & Stroke (in.) 2.9 X 3 2.9 X 3 
Displacement (cu in.) 59.7 59.7 
Compression ratio 7.25 to | 8 tol 
Power, max (bhp) 50 @ 4500 62 @ 4500 
Speed, max (mph) 60 87 
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Torrington Drawn Cup Needle Bearing. .. 
for maximum radial capacity in minimum 
cross section... positioned by press fit— 
snap rings or shoulders unnecessary ... runs 
directly on hardened shaft... most com- 
pact, light weight, economical. 

Torrington Drawn Cup Roller Bearing... 
for higher speeds or long pregreased life 
«+.thin section race for simple press fit... 
runs directly on hardened shofts... unit 
construction for easy assembly ... shaft- 
riding retainer. 

Torrington Heavy Duty Needle Bearing... 
for use with thin section or split housing where 
extreme impact loads require heavy outer 
race...maximum shock resistance... full 
roller complement... unit construction. 


Torrington Heavy Duty Roller Bearing... 
for combination of high speed, long pre- 
greased life or shock resistance... roller 
stability provided by end-guiding...flange- 
riding retainer... unit design. 

All of these types of bearings are available 
with inner races. 








NEEDLE « 


SPHERICAL ROLLER + TAPERED 


February 18, 1960 


Only Torrington Makes All Four! 


Torrington developed the Needle Bearing and its specialized 
variations. This breadth of experience assures impartial engineer- 
ing recommendations based on specific application requirements. 
You can rely on Torrington to recommend the most compact 
and economical design compatible with operating conditions and 
performance requirements. Call on your Torrington representa- 
tive for help in applying the right bearing in the right place. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Indiana, 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 


Circle 410 on Page 19 


ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS + BALL + THRUST 
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ENGINEERING NEWS 





First of a New Generation: 
The Plug-Nozzle Rocket Engine 





New ideas in propulsion may provide space 
vehicles with a first-stage engine like the one 
on the left, instead of the one on the right. 
Both are drawn to the same scale; both would 
deliver the same thrust. 


A NEW TYPE rocket engine may 
close the gap between American and 
Soviet powerplants and win back 
years in the space race. Called a 
plug-nozzle engine, it may lead to 
lightweight and compact multimil- 
lion pound thrust systems in the 
near future. 

Conceived by General Electric, 
the plug-nozzle engine is now un- 
dergoing feasibility studies at GE’s 
rocket engine test station, Malta, 
N. Y. Tests are conducted under 
an NASA contract. 


& 


One scheme calls for the plug to house the hardware. 


Once basic engine development is 
completed, the design can be read- 
ily scaled to provide any desired 
thrust, say GE engineers. With 
older engine configurations, propul- 
sion system designers have been 
faced with combustion phenomena 
which have defied scaling. Severe 
oscillatory modes show up when a 
conventional engine is increased in 
size. Scaling problems have been 
attacked with cut-and-try methods, 
but all meaningful testing is con- 
ducted with full-thrust combustors. 


Sy 


Turbine, gear box, auxil- 


iary fuel tank, and other engine components could all be compactly located in 


the plug. 
adding its thrust to that of the engine. 
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Turbine exhaust could be brought out through the center of the nozzle, 


Not so with the new engine, how- 
ever. It uses cellular combustion 
chambers which can be designed 
and tested on a small scale and 
then assembled to achieve desired 
thrust levels. Combustor size is 
small enough to suppress adverse 
combustion phenomena. Basically 
an assembled configuration, the en- 
gine differs from clustered systems 
now under development in that its 
cells are designed specifically for a 
single integrated power package. It 
forms a segmented annular com- 


Shadowgraph of the plug-nozzle flow 
field shows that a large portion of the 
gas expansion occurs externally. Gases 
are confined only by the plug surface; 
the outer jet surface, a free boundary, 
is influenced by velocity and pressure 
of the ambient air. As the ratio of 
combustion-chamber pressure to am- 
bient pressure increases, the outer jet 
surface tends to fan out away from the 
plug. The jet cross-sectional are 

the plug tip (the effective nozzle « 
area) adjusts itself according to allti- 
tude, increasing rocket efficiency. High 
efficiency occurs at low altitudes, mak- 
ing the engine especially suitable as a 
first-stage rocket. 
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bustor about the base of the plug. 

Diameter of the combustor and 
diameter of the plug could both be 
increased should a higher-thrust en- 
gine be needed. In this case, the 
number of cells about the plug’s 
circumference would be increased, 
but combustion volume in each cell 
would remain unchanged. 

The multiple-cell configuration 
will permit in-flight trajectory cor- 
rection by the control of combus- 
tion pressure in various cells. 
Thrust would therefore be varied 
aerodynamically rather than me- 
chanicaily. Mounting between en- 
gine and frame would be rigid, and 
gimbaling mechanisms and _struc- 
tures for stress redistribution would 
no longer be necessary. 


Engineering Grads 
Outnumbered by Recruiters 


More Jobs Offered, 
But Columbia Graduates Few 


New Yorx—The engineering class 
of ’60 may find a record-breaking 
number of job opportunities avail- 
able—at least if the happenings at 
Columbia University prove typical 
throughout the country. Size of the 
graduating class is down and de- 
mand for graduates is up, says John 
A. Bornemann, placement director. 

Graduating electrical and me- 
chanical engineers are outnumbered 
almost 4 to 1 by the number of com- 
panies competing for their services. 
Aircraft and missile makers are “ex- 
tremely active” in their recruiting, 
but other industries are also com- 
peting. 

All indications point to consider- 
ably more interest in both bachelor 
and master candidates. Already 25 
per cent more companies have 
scheduled interviews than at the 
same time last year. Competition 
is so keen that some companies have 
already cancelled because of lack of 
response. 

Starting salaries should rise over 
59 figures by at least two or three 
per cent—and maybe more, says 
Bornemann. There is the possibil- 
ity of significantly greater increases 
in some fields where the demand far 
exceeds the supply. 


February 18, 1960 





INFINITELY 
VARIABLE SPEEDS 


WIDE 
SPEED RANGES 


FINE 
SPEED CHANGES 


— 


PRECISE 
SPEED SETTINGS 


P Veses ti 7 aa 3 
SPEED RESETTING 





Roofing machinery shingle 
cutter section. 





Machine sections must produce a wide 
range of product treatments and dimen- 
sions. 

Infinitely selective operation is 
obtained by incorporating the LEW- 
ELLEN V/S Transmission with the 
sectional drive. 

Widely variable to finely adjustable 
speeds become available, conveniently 
and immediately. A single or group of 
machine sections then integrate at pro- 
duction rate, while remaining individu- 
ally controllable. 

The LEWELLEN V/S Transmis- 
sion installs and connects readily with 
the sectional power train. 

The LEWELLEN may be motor or 
machine driven. It operates in the range 
of machine speeds. Speeds are adjust- 
able while running — or not running. 

There is a selection of ratings to 60 
h.p. — speed ranges to 20:1... a selec- 
tion of mountings, enclosures, control- 
ling devices. 


Catalog 65 may prove he/pful—write for it. 


Manufacturing Company, Columbus, indiana 


Distributors in all Industrial Areas 


Circle 411 on Page 19 





another mark of reliability 


No matter what trademark you choose from the AMP catalog, you pick a 
mark that stands for reliability. AMPOWER, the latest in the family of 
AMP trademarks, embraces top quality terminals for the larger wire size 
range ... conforming to NEMA specifications. 


To get the finest electrical/electronic circuit termination products, to get the 
finest application tooling and the surest, most economical route to enduring 
reliability, always specify one of the trademarks of AMP INCORPORATED. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland Italy ¢ Japan « West Germany 
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DESIGN 





Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Acceleration analysis, Edit. 15] 

Actuators, Edit. 306 

Adhesives, Edit. 218; Ady. 77 

Alloys, high-temperature, Edit. 184; Adv. 
67, 299 


Merlin and alloys, Edit. 26 
Atomic research, Edit. 22, 28 


Balls, Edit. 218; Adv. 206, 309 
Bearings, Adv. 185 
ball, Adv. 21, 43, 86, 187, 292 
miniature, Adv. 241, 275 
needle, Adv. 13, 82 
rod-end, Adv. 246 
roller, Edit. 222; Adv. 13, 41, 60, 94, 
194, 257, 286, 291, back cover 
sleeve, Edit. 163, 219; Adv. inside front 
cover, 213, 277 
thrust, Edit. 195 
Bellows, Adv. 233 
Belts, 
conveyor, Adv. 234 
transmission, Edit. 244, 264; Adv. 200 


Blowers, Edit. 255 

Books, Edit. 277 

Brakes, Edit. 221, 226; Adv. 238, 2s], 
311 


Brass (see Copper and alloys) 
Brazing alloys, Adv. 50 

Bronze (see Copper and alloys) 
Brushes, commutator, Adv. 188 
Bushings, Adv. 74 


Cameras, high-speed, Edit. 266 
Carbon and graphite parts, Adv. 188 
Castings, 

centrifugal, Adv. 287 

die, Adv. 

iron, Adv. 256 

malleable iron, Adv. 305 

meehanite, Adv. 105 

steel, Adv. 71, 236 
Chain, transmission, Adv. 103, 214, 274, 

313 


Clutches, Edit. 216, 221, 226, 236; Adv. 
32, 72, 238, 253, 281 
Coatings, 
decorative, Adv. 118 
protective, Edit. 26; Adv. 77, 118, 120 
Cold heading, Adv. 262 


Computers, Edit. 168; Adv. 110, 303 
components, Edit. 233, 261 
Connectors, electric, Edit. 225, 230 


Control systems, 
hydraulic, Adv. 271 
pneumatic, Adv. 244 


Controls, Adv. 127 
electric, Adv. 219 
"to Edit. 260, 308, 310; Adv. 76, 


mechanical, Adv. 311 
pneumatic, Edit. 170; Adv. 237, 244 


Converters, Adv. 32 
Cn alloys, Edit. 243; Adv. 80, 239, 
31 


Corrosion-resistant alloys, Edit. 181 
Counters, Edit. 233,255; Adv. 110, 226 
Couplings, 

fluid flow, Adv. 207 

shaft, Edit. 232, 247; Adv. 200, 272 
Cylinders, 

<n Edit. 141; Adv. 45, 251, 297, 


pneumatic, Edit. 216, 242; Adv. 45, 251, 
297, 3/6 


Diaphragms, Adv. 115, 195 
Drafting equipment, Adv. 66, 87, 191, 193, 
209, 273 


ane techniques, Edit. 139, 150, 155, 
165, 180 


Drives, adjustable speed, Edit. 308; Adv. 
15, 55, 56, 58, 203, 210, inside back 


cover 


Electric equipment (see specific type) 
ae ae equipment, Edit. 235; Adv. 40, 


molecular, Edit. 24 
Engineering department (see Management 
or Drafting) 
Engines, Edit. 195; Adv. 283 


Fans, Adv. 224, 298 
Fasteners, 
bolts, studs, screws, Adv. 70, 196, 221, 
230, 240, 268, 308, 312 
nuts, Adv. 211, 302 
pin, Edit. 216; Adv. 314 
quick operating, Adv. 125 


retaining ri Adv. 186 
rivet, Adv. 196, 225, 248 
Fiber, Adv. 124 
Filters, Adv. 29, 228 
Finishes (see Coatings) 
Fittings, pipe, tube, and hose, Adv. 52, 
215, BR. 254 


Forgings, Adv. 64, 81, 247, 289 
Forming, Adv. 9 
Fuel cells, Edit. 31 


Gages (see Instruments) 
Gaskets, Adv. 104 

Gears, Edit. 196; Adv. 7, 96 
Governors, Edit. 235 


Heaters, Adv. 97, 262, 318 
Hose, nonmetallic, Edit. 248 
Hydraulic equipment (see specific type) 


Indium, Adv. 315 
Instruments, Edit. 28, 40; Adv. 314 
Insulators, Edit. 242; Adv. 315 


Jacks, worm gear, Adv. 317 


Knobs, Edit. 218, 233; Adv. 309 


Lighting, Adv. 313 
Lubricants, Edit. 232 
Lubrication systems, Adv. 252, 295 


Machining facilities, Adv. 225 
Magnets, Edit. 172; Adv. 116, 210 
Materials, Edit. 23 
Meetings, Edit. 40 
Metals (see specific type) 
Meters, Adv. 280 
Motors (electric), 
fractional and integral hp, Edit. 219; 
Adv. 1, 68, 196, 198, 301, 314, 317 
gearmotors, Adv. 55, 307, inside back 
cover 
subfractional hp, Adv. 68 
synchronous, Adv. 212 
Motors, 
hydraulic, Adv. 121 
torque, Edit. 216; Adv. 114 


Mountings, vibration and shock, Adv. 65, 


a 


Nickel and alloys, Adv. 93, 197 


MACHINE DESIGN is indexed in the Applied Science & Technology Index and the Engineering Index, available in libraries, generally. 


Microfilm copies are available from University Microfilms, 313 N. 


February 18, 1960 


First St., Ann Arbor, 


17 





SUBJECT INDEX (continued) 





Oscillographic recorders, Edit. 270 
Oscilloscopes, Edit. 274 


Packings, Adv. 108, 235, 261 
Perforated metals, Adv. 189 
Pillow blocks, Adv. 60 
Plastics, Edit. 156, 226, 229; Adv. 53, 78, 
122, 192, 260, 322 
laminates, Edit. 243; Adv. 120 
molding, Adv. 53, 79, 322 
Plugs, Adv. 317 
Pneumatic equipment (see specific type) 
Powder metallurgy, Adv. 74 
Printed circuits, Edit. 230 
Processing equipment, Adv. 311 


Pumps, Adv. 310 
hydraulic, Edit. 258; Adv. 76, 100, 112, 
121, 190, 250, 264, 269, 294, 313 
pneumatic, Adv. 222 
Pushbuttons, Edit. 222 


Recorders, Edit. 143, 266, 272; Adv. 46 

Reducers, speed, Edit. 256; Adv. 55, 205, 
208, 223 

Regulators, flow, Adv. 229 

Relays, Edit. 250; Adv. 51, 217, 218, 276 

a Adv. 122, 192, 199, 202, 258, 267, 


Seals, Edit. 190, 306; Adv. 30, 36, 108, 
202, 233, 261, 263, 285, 288, 304, 309 
mechanical, Adv. 115, 280 
Shafts, Edit. 264; Adv. 227 
flexible, Adv. 284 
Shapes, special, Adv. 245 
Shims, Adv. 23] 
Springs, Adv. 91 
tubular, Edit. 174 
Stampings, Adv. 289 
Starters, motor, Adv. 128 
Steel, Adv. 35, 48, 62, 85, 98, 102, 279 
stainless, Adv. 2, 11, 85, 183 
Switches, Edit. 216, 219, 243; Adv. 38, 
127, 204, 206, 265, 270, 276, 293, 318 
Swivel joints, Adv. 106 
Systems, pneumatic, Edit. 144 


Tape, Edit. 225, 238 

Terminals, Edit. 230, 240; Adv. 

Thermocouples, Edit. 269 

Thermostats, Edit. 258; Adv. 232, 249, 
y+9) 

Timers, Edit. 252; Adv. 42, 220 

Transducers, Edit. 37 

Transistors, Edit. 232 

Transmissions, adjustable speed, Adv. 83 

Tubing, Edit. 226; Adv. 5, 98, 109, 126 


Universal joints, Adv. 250, 278 


Valves, 
hydraulic, Edit. 236, 240, 244, 247, 250, 
261, 262, 310, 376; Adv. 27, 75, 100 
pneumatic, Edit. 229, 244; Adv. 300 
Vehicles, mobility of, Edit. 130 


Washers, Adv. 44 

Welding, Adv. 282 

Wheels, Adv. 318 

Wire and wire products, Adv. 88, 125, 306 
Wood, Adv. 259 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 200 


Miniature Connectors .. Liquid-to-Gas Equivalents .. sehen 
Pneumatic Timer Variable-Speed nonsengie ph i dima ne eae’ 
Regulating Relief Valves Tofiom RIMS oocsccccss 

WESTON TEODOTIAN 0 oc ccccescccccieees V-Belt Drives 

Electric Tachometers 67 Plastic Caps and Plugs 

Precision Instrument Components .... .. sf. i... eee erry 
Formed Metal Shapes ............+++. rk. Pee 
ERPGROMG PONG ccc ccescveccccovcese Industrial Casters 

X-Ray amar uk 600th ereud eee Precision Components 

Oil Coolers .... were Circuit Breakers 

Spherical Roller Bearings: PTT Tere Trot Thermocouple Wire 

_ re Aircraft Bolts 

Speed Reducer Package UETETT cr ty. Planning Circuitry 

Recording Oscillograph newer Belleville Springs 

Corrosion Resistance ...........6..065 Two-Piece Bearing 

Surface Measurement ..............+. 

Thermal Analog Tubes ........ccseee0. ag nn ON a la ti cae 
Flow Regulators 688 Gear-C. A i... 
Expanded-Scale Meter Relays . F-Case ACOSSSOEIES 

Self-Locking Aluminum Nut .. : Welded Construction 

Stainless-Steel Tubing . 69 Dera VERGE oan cc cece setweevstes 
Corrosive-Service Rotameters .. Resistor Selection 

Tungar Bulbs ...... is Weld Fasteners 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on page 216 


Tension Pins .... seme Press-Fit Terminal 

Pancake Air Cylinders. 4000-psi Valve 

a ee ee Air Cylinders 

Pushbutton Switch oneerene RRR TUNE 0.0 6's bn ws bb does 20.0 
Adjustable Slip Clutches .. 20 Rotary Limit Switches 

Adhesive System ... rade Copper-Clad Laminate ... 
Tungsten-Carbide Balls” wor sees — Manifold Valve 

Instrument Knobs ‘ Positive-Drive Belt .. 

Self-Lubricating Bearing ..... Heavy-Duty Couplings . 

DC Servo Motors In-Line Valve 

Miniature Coaxial Switch 

Clutches and Brakes Plug-In Relay 

Spherical Roller Bearings ............ Holding Valves 

Illuminated Pushbutton Adjustable-Interval Timer 

Metalized Mylar Tape Turns-Counting Dials 

Cable-Connector Boot ...........++555 Vane Axial Blower 

Air Friction Clutch- Brake osesenesess Air Nozzles 

Silicone Rubber Tubing ............. Worm Motor Reducers 

High-Temp Epoxy Plastic Small Submergible Pumps 

Air-Control Valv@ ......0sccsccsscsee Positive-Off Thermostat 
Printed-Circuit Connector Tr er er Liquid-Level Controls 

Solderless Terminals Solenoid Valve 

Silicon Transistor Digital Modules .......... epee ret 
Nylon Gear Couplings Angle Valve 

Multipurpose Oil Gearbelt Drives 
Pre ee Flexible Shafts 

ON Eee eo ee ere 
Control Knobs ....... (eens nneren High-Speed Camera 

Speed-Detecting Gov ernors Temperature Sensor ............++++- 
Silicon Glass Diodes Environment Chamber 

Control Valve Rack-Mounted Oscillograph .......... 
Coupling and Clutch Indicator 

Teflon Tape . Pere ee rrr e ter Self-Generating Accelerometers 
Double- Coated Tape paeaes Large-Screen Oscilloscope ...... 
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one-piece, bronze 
- $Nap-over separator ----> 


News from KAYDON! 
Reali-Slim bearings “off the shelf’ 


...prices slashed up to 76% 


90 sizes— 4” to 12” bore— 
11,” to 1” width and cross-section 


Drastic price reductions — on Kaydon new type 
“CP” Reali-Slim bearings! Volume production and 
new bronze snap-over separator permit price reduc- 
tions from 33 to 76%, depending on size. 

Save on bearing cross-section and weight ~— Reali- 
Slim is the world’s thinnest radial ball bearing. Many 
sizes of type “CP” are less than 15% of the weight, 
34% of the width and cross- section “of comparable, 
extra-light bearings. 


a» KAYUUN 


————-—————— — —MUS EGON*MICHIGAN 


Type “CP” with new one-piece, bronze snap-over 
separator — Major applications include machine 
tools; farm, textile and paper machinery; printing 
presses; pumps and gear boxes; missiles, aircraft and 
radar; gun turrets and dozens of related installations. 

Kaydon bearing engineers are prepared to give 
you valuable help with technical thin-section bearing 
applications. 


New “CP” Reali-Slim bearing bulletin 
includes prices — gives you full details 
on these 90 sizes of Reali-Slim bearings 
with Conrad deep-groove, ball-radial con- 
struction. Write for your free copy today. 


BOS BS Re aS 


CORP. 


All types of ball and roller bearings — 4” inside diameter to 178" outside ‘diameter . 
Taper Roller ¢ Roller Thrust ¢ Roller Radial « Needle Roller ¢ Ball Radial ¢ Ball Thrust Bearings ¢ 4-Point Contact Ball Bearings 


February 18, 1960 


Cirele 413 on Page 19 21 





| TRENDS 


survey redefines qualities for success 


“Getting ahead” depends a lot more on what you do than “who you know,” 
a University of Michigan survey reveals. Important qualities turned up in 
the survey fall into three groups. The first group—most needed qualities— 
includes: Willingness to work hard, personal integrity, communication skills, 
powers of logic, self-confidence, adaptability, and understanding of human 
relations. The second group is less important, but still necessary: Intelligence, 
technical knowledge, social grace, aggressiveness, optimism, and previous ex- 
perience. The “helpful but not necessary” group consists of knowledge of the 
humanities and business contacts. The findings were based on replies from 
top executives in 46 U. S. companies. 


Army technical center will answer plastics questions 


Newest addition to the Army’s Picatinny Arsenal, Dover, N. J., is a plastics 
evaluation center. Established by the Defense Dept., the center will provide 
technical information in four areas—structural, electric and electronic, pack- 
aging, and mechanical. Universities and libraries will be kept up to date on 
findings, and help will be offered to Defense Dept. agencies, contractors, and 
suppliers. Information will also be made available to the public, through the 
Office of Technical Services. 


cold neutrons—newest particle projectiles 


Neutrons chilled to —400F, so cold that they are hardly moving, are the 
latest bullets for the physicist’s particle gun. They’re used in experiments with 
water and other liquids to determine the exact nature of motions of atoms 
that make up the liquid. The cold neutron is “fired” at slow speed and low 
energy into the test liquid. It is able to penetrate atoms of even solid material, 
entirely unaffected by the atom’s electric field. Moving more slowly than 
the targets, the neutrons are hit by the atoms and bounced out of the liquid 
at a high speed. Measured speeds of the bounced neutrons reveal the manner 
in which the atoms were moving. Indications are that atomic motions in water 
are more like those in a solid than those in a gas. 


“specialist” computers are on the way 


Industry’s acceptance cf automatic process and production control by com- 
puters underscores three trends, says Charles E. Jones, general manager of 
Daystrom’s Control Systems Div., La Jolla, Calif. He predicts that in the 
next five years, there will be: 1. An upswing in smaller, less expensive single 
purpose computer control systems. 2. Closer attention given to improving 
analytical instruments and transducers. 3. Design of factory processing equip- 
ment based almost entirely on computer control. Over-all result: Industry 
will begin turning out many products that have been passed over because of 
speed required in processing operations. 
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design uses predicted for irradiated materials 


Several industry research teams are predicting that radiated materials will 
soon get wide acceptance in design. They base their opinions on the fact that 
radiation often endows inexpensive materials with the superior properties of 
higher-cost materials. Polyethylene, for example, becomes an excellent heat 
insulator after exposure to a high-energy particle beam. It could thus re- 
place Teflon in certain applications because it costs less, is lighter, and is 
more able to resist corona damage. Isotopes such as cobalt 60, strontium, 
and cesium are generally used in the irradiation process, but a growing num- 
ber of firms are now building experimental electronic devices to do the job. 


inflation shortens space trip 


First American in space won’t be staying there as long as originally planned. 
Instead of the intended 18 trips around the earth before coming home, he 
will make only three. Reason for the orbital cutback: Rising costs—the pro- 
gram was supposed to involve just $200 million, but costs have now spiraled 
to about $350 million. By cutting down the number of orbits, the planners 
feel they can safely reduce the number of tracking stations needed to watch 
over the vehicle. Plans still call for the first shot to take place in 1961. 


new pumps needed to handle liquid metals 


Nuclear engineers are taking a new look at pumps. Molten-metals, used as 
heat-transfer and working fluids in nuclear reactors, are still causing severe 
erosion and cavitation problems. Reactions are violent enough to break down 
the best available materials. Mechanics of the process are not entirely under- 
stood, but NASA-sponsored research at the University of Michigan may supply 
the answers. According to UM’s Prof. F. G. Hammitt, liquid-metal pumps 
are limited by the point where cavitation occurs. This limit is a function 
of rotating speed, flow rate, and other factors. Once the limit is defined, 
he says, “we will design smaller and less expensive pumps.” 


ASME will research machine parts failure 


When failure of a single part can cause the flop of a multimillion dollar 
missile, the time has come for industry to support a basic study on why 
machine parts fail, according to an ASME spokesman. Paul Lewis, an ASME 
committee chairman, points out that all past improvements in machine 
elements, particularly those that are subjected to contact stresses, have been 
made on the basis of new materials, better quality control, and new design 
techniques. “But because of the lack of understanding of the basic failure 
mechanism, designers are still unable to predict accurately the operating life 
of a given component.” First items of study in the new ASME project will 
include bearings, gears, and cams. Industrial organizations will be contacted 
for help on the project, according to Mr. Lewis. 
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Button-size amplifier, held in tweezers, does the 
same job as a conventional chassis full of hard- 
ware. And size reduction isn't all that molecular 
electronics offers: The maze of wiring, connections, 
and components that are eliminated means a tre- 


mendous gain in over-all reliability. 


Already successful in the lab, 


Molecular 


Electronics 


is set to trigger a revolution 
in electronic-component design 


Wasuincton — Practical limits in 
electronic miniaturization have 
probably been reached by conven- 
tional methods. The sophisticated 
black boxes crammed into today’s 
missiles and aircraft represent size 
and weight reductions that would 
have been unbelievable a few years 
ago. Unfortunately, these boxes also 
contain a maze of midget circuitry 
that requires surgical precision at 
every stage of fabrication if failure 
rate is to be held within tolerable 
limits. 

To solve the approaching size- 
weight stalemate, scientists at West- 
inghouse Electric Corp. have been 
working with a startling new con- 
cept called molecular electronics. 
The concept is based on solid-state 
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phenomena, as are transistors and 
diodes. However, in molecular elec- 
tronics, entire subsystems—ampli- 
fiers, oscillators, etc.—consist of a 
single crystal. 

These tiny molecular subsystems, 
or “function blocks,” have no in- 
ternal connections or components; 
they require only external connec- 
tions for coupling inputs and out- 
puts to the overall system. Prob- 
ability of failure is thus drastically 
reduced, and because internal func- 
tions involve distances of the order 
of a few atomic spacings, the blocks 
are microscopically small and virtu- 
ally weightless. 

Westinghouse is now producing 
eight classes of function blocks to 
demonstrate the feasibility of mole- 


cular electronics at frequencies rang- 
ing from infrared to direct current: 
1. Directly cascaded 5-watt audio 
amplifier. 2. Two-stage video am- 
plifier. 3. Frequency-selective am- 
plifier. 4. Variety of multivibrators 
—bistable, monostable, and astable. 
5. Variable potentiometer based on 
logarithmic addition of two inputs. 
6. Variety of multiposition switches, 
including an “OR” switch. 7. 
Analog-to-digital converter. 8. Two- 
stage cooler employing the Peltier 
effect, covering frequencies from | 
cps to 3 me, for cooling infrared 
detectors. 

Design of a molecular subsystem, 
or function block, begins with an 
analysis of the job it is supposed 
to perform. After logic processes 
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AC to DC Power Supply 


Conventional 


110 Volts ac 





| | | | 9 Volts de 


Molecular 





Resistive Domain 





insulating Domain 








Thermoelectric Domain 








are determined and suitable phys- 
ical effects are settled on, a topo- 
logist (mathematician who works 
with shapes) determines the struc- 
ture of the block by designing, 
on paper, the arrangement of 
“domains” and interfaces that will 
control the flow of energy in the 
block. Germanium and silicon: are 
the basic materials used. Domains 
and interfaces are produced by tech- 
niques used in the production of 
conventional semiconductor devices, 
i.e., diffusion, plating, electron-beam 
machining, etching, cutting, radia- 
tion, alloying, and photographic 
processes. Final step in production 
is encapsulation of the function 
block to protect it against shock, 
vibration, and other adverse en- 
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vironmental conditions. 

A number of solid-state phenom- 
ena are available to function-block 
designers. Seebeck generation (heat 
to electricity), Peltier cooling and 
Hall-effect multiplication are effects 
that have been built into the blocks 
so far. Although these phenomena 
will be used primarily for the con- 
trol of electrical signals, they will 
also be suitable for control of elec- 
tromagnetic radiation, heat, and me- 
chanical-displacement. 

The foundation of molecular elec- 
tronics rests, ultimately, on mate- 
rials and this is the area that West- 
inghouse is concentrating on now. 
While much success has obviously 
been obtained in creating, modify- 


ing, and processing semiconductor 


One piece subsystems based on molec- 
ular electronics illustrate the size of 
circuits to come. Complete audio ampli- 
fier (left), multivibrator (center), and 
two-stage video amplifier (right), are 
smaller than many of the single com- 
ponents that would normally make up 
their circuitry. 


Thermoelectric rectifier does the same 
job that ordinarily requires five sepa- 
rate components. Working on the See- 
beck effect, the molecular device con- 
verts 110 volt ac to perfectly smooth 
9 volt dc. Input current is applied to 
the resistive domain; heat is generated 
which passes through the center do- 
main (an electrical insulator) into the 
thermal domain where it is converted 
into electrical energy. 


materials,“Entire pieces of electronic 
equipment will eventually be grown 
from pools of molten semiconductor 
materials,” according to Dr. S. W. 
Herwald, Westinghouse vice presi- 
dent, research. 

When will molecular electronics 
be ready for service? Dr. Herwald 
predicts that: “In three to five 
years the concept will be widely 
used in air/space electronic equip- 
ment, including telemetering, fire 
control, guidance, communications, 
and flight-control systems.” After 
that, cost reduction and improved 
techniques should set the stage for 
commercial exploitation of molecular 
electronics. There was an 8-year 
interval between development of the 
transistor and its first uses. 
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News Report: === 


Coler, coating thickness, and time are the key factors in 
The Toro process produces light-colored coat- 
ings which are easily dyed; coating thickness exceeds all 


anodizing. 


standards, and processing time is minimized by use of 
high currents. Secret of the process (why no burning occurs) 
has not been released by Toro. 





Toro Process 
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Tougher than steel, and with a tremendous weight advantage, hard- 
anodized aluminum has been plagued with one big drawback—the 
anodizing process is prohibitively slow. But a leading lawnmower 
manufacturer couldn’t wait, and now a 


One-Minute Process Hard Coats Aluminum 


MInNEAPOLIs — A new anodizing 
process ten to fifty times faster than 
conventional methods promises to 
pyramid the use of hard-anodized 
aluminum parts. Toro Manufactur- 
ing Co., Minneapolis, Minn., devel- 
oped the new process to put a tough 
protective finish on aluminum reels 
in power lawnmowers. Conventional 
methods, the company learned, re- 
quired that each reel be immersed in 
an electrolyte bath for 10 to 50 
minutes to give the thickness need- 
ed. Translated into cost, this would 
have been prohibitively slow. 

Toro assigned staff engineers at 
its Research and Development Cen- 
ter the job of finding a faster meth- 
od. They did—after four years of 
developmental work. 

Like other hard-aluminum ano- 
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dizing processes, the Toro method 
electrochemically converts the sur- 
face of an aluminum part to a lay- 
er of aluminum oxide. Al,Oz3 is a 
hard, brittle material with a particle 
hardness of 9 on the Mohs’ scale. 
(Diamond has a Mohs’ value of 10.) 
Ability of the coating to withstand 
abrasion naturally exceeds that of 
hardened steel. (Hard anodizing 
differs from ordinary aluminum an- 
odizing that is used largely for dec- 
orative and corrosion-resistance pur- 
poses. The decorative process uses 
low current and produces a very 
thin coating.) 

Physically and chemically, the 
characteristics of Toro coatings are 
similar to those produced by four 
major (and slower) methods. A 
three-month evaluation conducted 


by the Armour Research Founda- 
tion, Illinois Institute of Technology, 
reached the conclusion that: “The 
comparative tests between conven- 
tional anodic hard coatings and 
Toro coatings leave little doubt that 
they are essentially the same in 
hardness, abrasion resistance, fric- 
tional properties, corrosion resist- 
ance, and density.” 

This is the only manner in which 
the Toro process resembles other 
anodizing processes. Toro coatings 
are light, silvery gray, compared 
with the dark gray and black coat- 
ings produced by other methods. 
The lighter color is more readily 
adaptable to dyes. 

In conventional processes, elec- 
trolyte temperatures range from 25 
to 52 F; current densities range from 


MacHineE Desicn 














) 
oO 





i 
°o 





Time (min) 








Oro SS 
05 l 15 
Coating Thickness (mils) 


























One mil per minute is the average 
coating speed for the Toro process. This 
means that hard-anodizing is now suit- 
ed to mass-production techniques. 


20 to 100 amp per sq ft, and coat- 
ing rates range from 10 to 50 min- 
utes for a thickness of 0.001 in. 

The Toro Process, by comparison 
offers these important gains: 


© Temperature approximates room 
temperature, thus eliminating re- 
frigeration requirements. 


© Current density is between 20 
and 40 times that of other methods; 
coating thickness of 0.001 in. is pro- 
duced in one minute. However, al- 
lowable current densities (and, 
therefore, coating rates) depend gen- 
erally on the  surface-to-volume 
characteristics of the part. Thin ex- 
truded sections, for example, with 
low heat-sink capacities, could not 
be coated at the maximum rate. 

Toro engineers readily admit sur- 
prise at the amazing improvements 
chalked up by their anodizing proc- 
ess. Don O. Benson, director of re- 
search and development for the 
company, sums it up this way: “If 
we had studied al! of the literature 
on the subject before we began the 
project we would doubtless have be- 
come discouraged and dropped the 
whole thing. All available material 
indicated that there was no use in 
attempting to hard-coat aluminum 
quickly. But we are doing it.” 

Toro has made no definite plans 
to make the process commercially 
available. The company may build 
a plant of its own to get the process 
into commercial production. 
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MAJOR BREAKTHROUGH 
IN HYDRAULIC 
VALVE DESIGN! 


Series 1617-A 
A.C. 4-Way Solenoid Valves 


® No inrush current ® Compact—light in weight 

® Very fast cycling permissible © For pressures to 3000 p.s.i. 

© No dynamic seals—packless ® Rock-bottom cost 

© High capacity—low pressure drop @ No coil burn-out if valve sticks 


Here it is—the new pace-setter in A.C. solenoid valves! 

Exclusive Waterman design has eliminated inrush cur- 

rent, making possible fast cycling (in excess of 250 

per minute) without overheating. Standard coils suit- 

able for 25 to 60-cycle current. Weight of %” size is 

ee less than 6 Ibs., including two solenoids Closed-center, 

‘ tandem, and two-position types available. Rated 3000 

p.s.i pressure may be applied to all ports. Working 

Designed for simplified = totally enclosed. No moving seals — packless. 

, 3 crew-type electrical terminals in steel housing. Same 
stacking or banking valves can be furnished for D.C. operation. 


SEND TODAY FOR YOUR COPY OF NEW CATALOG 2002 
Also suppliers of AN and MS qualified flow regulators and fuses 
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Atoms Get Sorted Twice, 
Come Into Better Focus 


NEW ‘TWISTS in mass-spectro- 
meter design are making possible 
new precision in atom-weight meas- 
urements. A double-focusing instru- 
ment that is also one of the world’s 
largest mass spectrometers boasts 
one hundred times the sensitivity 
and ten times the resolving power 
of its more conventional cousins. 
Shaped like a reversed letter S, the 
complex device is now operating at 
Argonne National Laboratory, 
Lemont, IIl. 

By setting up a magnetic field 
around fast-moving charged part- 
icles, mass spectrometers bend the 
particles’ paths, sorting them out 
by mass or mass-to-charge ratio. 
When the particles are positively 
charged atoms, the instruments de- 
termine relative numbers of dif- 
ferent kinds of atoms in the particle 
stream, relative weight of atoms, 
and (via mass-to-energy calcula- 
tions) amount of energy. 

Argonne’s new sorter does these 
jobs with greater accuracy than pre- 
viously possible. It takes the par- 
ticle stream through two sorting 
stages rather than the one stage 
normally used. First, in a curved 
electric field, it separates atoms by 
velocity—slower-moving atoms are 
more influenced by the field than 
fast-moving ones. After leaving the 
electric field, the particles (lined up 
according to velocity) go into a 
magnetic field with a reversed bend. 
Here, heavier particles are more in- 
fluenced by the field than lighter 
ones. The net effect is that fast and 
slow particles of the same mass 
leave the field closely grouped. 

Weighing 25 tons and measuring 
40 ft in length, the instrument re- 
quired six months for calibration. 
A typical list of its assignments 
reads like this: 
® Analyze uranium isotopes in me- 
teorite samples to determine whether 
unknown isotopes might be avail- 
able in space. 

@ Search for natural isotopes that 
are believed to occur only in the 
debris of a nuclear explosion. 

@ Determine what kinds of atomic 
nuclei are created when target atoms 
are bombarded by particles from 
a high energy-accelerator. 
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Magnetic analyzer of Argonne’s new mass spectrometer is designed with a 100- 
in. radius of curvature. It's the second stage of a two-stage focusing system 
that sorts atoms by velocity, then by mass. The first stage, the electrostatic an- 
alyzer, is also designed with a 100-in. radius of curvature, but in the opposite 
direction. The two form a backward letter S. This unique sorting system gives 
the instrument unexcelled sensitivity and resolution. 
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Four main parts of Argoniie’s new mass spectrometer are the source unit, elec- 
trostatic and magnetic analyzers, and the collector unit. The vacuum pumps in- 
sure unrestricted motion of ions in the working units. Atoms are ionized and 
accelerated into the machine from the source unit, sorted according to velocity 
and mass in the electrostatic and magnetic analyzers respectively, and sensed and 
“observed” in the collector unit. The two analyzer stages are each curved seg- 
ments of 100-in. radius circles. They make up a special focusing arrangement 
that is designed to give better sensitivity and resolution of data. 


Charged atoms enter the first focusing 
stage (the electrostatic analyzer) in 
random orientation, leave lined up 
according to their velocities. In it, the 
slower moving atoms are more at- 
tracted to the negative (convex) wall 
than are the faster ones. In the mag- 
nectic analyzer, deflection caused by 
the magnetic field depends on both 
velocity of the atom and its mass. 
To focus the atom beams, Argonne en- 
gineers designed the second stage with 
a reversed curvature. Atoms of the 
same mass end up at the same loca- 
tion because, while slower atoms 
curve up more than faster atoms, they 
start below the faster ones. The ma- 
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chine was calibrated so that the veloc- 
ity gradient was exactly compensated 
by the magnetic-field gradient. 
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YOUR CHOICE OF 


...for Pneumatic Pressures 
to 125 psi 


These rugged, compact Fulflo Filters pro- 
tect your pneumatic equipment by removing 
moisture, oil, microscopic rust, dust and scale. 
Models illustrated are available in three sizes 
and capacities for operating pressures up to 
125 psi: with 3” patented Honeycomb Filter 
Tube for maximum flow rate of 65 scfm; 5” 
tube for maximum capacity of 110 scfm; and 
7” tube for capacities to 150 scfm. 

Sturdy steel shell is domed for extra 
strength. Metal baffle deflects moisture and 
oil to sump. Positive seal at top and bottom 
prevents by-passing. 

Other standard Fulflo Filters are available 
for higher capacities and pressures — even up 
to 4,000 psi. Write for booklet on complete 
line to Department MD. 


Filter out high costs with CFC Filters 


COMMERCIAL FILTERS CORPORATION 


Fife fforan-Crane Delpark Mfichiana. 


MELROSE 76, MASSACHUSETTS 
PLANTS IN MELROSE, MASSACHUSETTS AND LEBANON, INDIANA 


February 18, 1960 Circle 415 on Page 19 








The “custom” approach to oil seal manufacture, pioneered by IPC, has resulted in some real off beat 
products. 

None-the-less . . . they work! They suit the application and, in more cases than not, they have 
contributed substantially to cost savings. 

When you're faced with a rugged problem involving oil seals, what synthetic compound comes to 
mind? How about case design? ... friction? .. . torque? . . . shaft speeds? 

Oil seals are an engineered product in themselves . . . just as good as their individual design. That’s 
why we think each oil seal application deserves special “custom” thinking. That’s why IPC oil seals are 
noted for performance. Let us show you what IPC can do to relieve your particular problem. 


OIL SEALS / PACKINGS / PRECISION MOLDING Custom designed for your application. 


lise, 


ipe| INTERNATIONAL 
Quatre? PACKINGS corporation 


Bristol, New Hampshire 
P-1 
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Status Report: 


Army Rounds Up Fuel-Cell Progress 


RESEARCHERS all over the world 
are taking a long look at the fuel 
cell. It’ one source of electrical 
power that seems sure to find plenty 
of work in the coming years. But 
so many different designs for work- 
ing models are turning up that the 
Army decided a review was in or- 
der. Here are the highlights of 
what was turned up. 

The broad definition of a fuel cell 
—an electrochemical device in 
which part of the energy derived 
from a chemical reaction, main- 
tained by a continuous supply of 
chemicals, is converted into elec- 
tricity—covers lots of different sys- 
tems. The Army classifies the cells 
into five main types: 1. Hydrogen- 
oxygen. 2. Molten-salt electrolyte. 


3. Redox. 4. Regenerative. 5. Con- 
sumable electrode. 


Lab Models and Pilot Plants 


The hydrogen-oxygen cell has 
now reached an advanced stage of 
development. Two systems — one 
based on low temperatures and pres- 
sures, the other on high tempera- 
tures and pressures—are well into 
pilot plant operation. The high-tem- 
perature system is being used in 1.5 
and 10-kw generators scheduled for 
delivery to the military soon. Devel- 
opment of sources for both hydrogen 
and oxygen is progressing. Possibly 
solar or nuclear energy could sup- 
ply the gases through the electrolysis 
of water. 

The molten-salt cell operates at 


Performance of Typical Cells 
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Electrons, liberated at the H-O cell's 
anode when hydrogen and hydroxyl 
ions combine to form water, travel via 
the electric circuit to the cathode. Here 
they're absorbed in a water-oxygen 
reaction that forms more hydroxyl 
ions. Excess water must be removed 
from the electrolyte. 


Molten-salt cell's electrolyte operates 
between 500-1000 C. In the carbon 
monoxide cell, electrons are released 
when the fuel reacts with carbon trio- 
xide ions. At the cathode, electrons, 
oxygen, and carbon dioxide combine 
to form more trioxide ions. Carbon 
dioxide produced at the anode comes 
off as a gas. 


high temperatures on such plentiful 
and cheap fuels as carbon monoxide, 
methane, or any combination of 
gaseous hydrocarbons. Although 
studied for a number of years, it’s 
still in the laboratory stage. Power 
outputs are low and high tempera- 
tures limit its potential, but central 
power station generation is likely 
because of low fuel cost. 

The redox cell, also in early stag- 
es of development, uses its fuel in- 
directly—the fuel regenerates the 
electrolyte and the electrolyte takes 
part in the chemical reaction. Elec- 
trochemical and regenerative proc- 
esses can be separated and fuel qual- 
ity can be low. Work has not yet 
progressed to the point where the 

(Please turn to Page 34) 





———Operating Conditions ———— 


Temperature 
(C) 


Type of 
Cell 


Pressure 
(atm) 


Current 
Density 
(amp/sq ft) 


Voltage 
(v) 


—— Power Output —— 
Per Unit 
Weight 

(watt/lb) 


Per Unit 
Volume 
(watt/cu ft) 


Life Efficiency 


(per cent) 





50-60 
200-240 
700-800 
500-730 

80-85 

20-90 

450* 
45 
Room 


Hydrogen-oxygen 
Hydrogen-oxygen 
Molten salt 

Molten salt 

Redox 

Redox 

Heat regenerative 
Consumable electrode 
Consumable electrode 


1-5 
40-53 


] 


] 
l 
l 


90-450 2-3 

30-1000 

30-1000 

10-70 
40 


9-46 


0.95-0.6 
1.0-0.6 
0.96-0.54 
0.84-0.5 
0.8 
0.62-0.29 
0.4-0.36 150 max 
1.76-1.21 25-150 
1.95 15 


15-20 


65-70 
80 max 
65 max 
70 max 
80 max 
60 max 

10-12 


>1000 hr 
1500 hr 
several hr 
6 months 
1 week 


200-300 
2000 
100-1000 
800 
300-460 
90 i 
28 1 year 
12 hr 





*Regeneration temperature—850 C. 
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Twin Dise Builds 


of Single-Stage Torque 


.- including one that’s RIGHT 


for your drive line design 


The Twin Disc nameplate was on the first industrial 
torque converter built in America. That was in 1937 and 
Twin Disc has set the pace in converter design ever since. 
Today Twin Disc is the world’s largest producer of in- 
dustrial torque converters and the only manufacturer of 
both three-stage and single-stage models. 


Every year brings wider recognition of torque con- 
verter advantages—the advantages of automatic torque 
multiplication to match load demands ... elimination of 
engine lugging and stalling . . . smooth, accurate control 
under all load conditions . . . absorption of shocks and 
vibrations to safeguard driving and driven equipment. 


When you want to incorporate these advantages 
into your drive line design, a consultation with Twin 
Disc application engineers may prove worthwhile. In 
single-stage units alone, Twin Disc offers six basic types 
and 25 individual models with a wide range of capacity 
and torque transmission characteristics. One of these 
Twin Disc converters is almost certain to meet your re- 
quirements. Request Bulletin No. 510. 


“Stripped” units for OEM 

in-line design 

Nine models—11”, 13” and 15” sizes. 
Torque ratings from 235 to 650 Ib.-ft. 
Three types: Converter only; converter with 
oil-actuated disconnect clutch; and con- 
verter with disconnect clutch and lock-up 
direct drive clutch. 


Basic power take-off units 
Three models—13” and 15” sizes. 
Torque ratings from 350 to 650 lb.-ft. 
Suitable for side loads. 


Spacer units for connection 

to transmissions 

Three models—13” and 15” sizes. 

Torque ratings from 350 to 650 lb.-ft. 
Flanged output shaft. 

Available with d y flywheel for auto- 
motive type clutches. 





Units equipped with front-end 
disconnect clutch 

Four models—13” and 15” sizes. 

Single or double plate clutch. 

Torque ratings from 350 to 650 Ib.-ft. 
Suitable for side loads. 

Optional: Boom lowering freewheel for 
shovels and cranes. 


Units equipped with disconnect 
clutch plus 2:1 ratio reduction gear 
Three models—13” and 15” sizes. 

Single or double plate 11” clutch. 

Torque ratings from 350 to 650 lb.-ft. 
Suitable for side loads. 

Optional: Boom lowering freewheel. 


Sumpless PTO units for power-shift 
transmissions 

Three models—13” and 15” sizes. 

Live power take-off for auxiliary drives. 
Torque ratings from 350 to 650 lb.-ft. 
Flanged output shaft. 

Optional: Rubber block input drive. 


TWIN DISC CLUTCH COMPANY, RACINE, WISCONSIN 
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25 Models 


Converters 
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The above chart gives horsepower and speed ratings of 1100, 1300 and 
1500 Series Single-Stage Torque Converters. Maximum capacities are 
300 hp and 3500 input rpm. 


HYDRAULIC DIVISION: ROCKFORD, ILLINOIS 
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FUEL CELLS 


f 


Redox Cell 


4 


FR 
Se 


Future plans call for many types of regenerative cells, but 
only the redox and heat regenerative systems have been 
In the redox system, different electrolytes 
The anode's elec- 


studied so far. 


are used in the two halves of the cell. 
trolyte contains tin ions that lose two electrons when they 
At the fuel inlet, the 
ions react with carbon and water and revert 
Carbon dioxide is given off and 
The cathode's electrolyte 
contains bromine atoms that pick up the electrons and be- 


come in contact with the electrode. 
tin “‘super”’ 
to their initial charge. 
hydrogen ions are also formed. 


(Continued from Page 31) 
cell’s potential can be evaluated, 
however. 

Other regenerative fuel cells are 
also possible. Among those attracting 
attention are the photochemical, 
radiochemical, electrolytic, and ther- 
mal cells. So far only the thermal 
cell has received any fairly ex- 
tensive experimental siudy. Effi- 
ciencies of thermal energy sources 
are limited by the Carnot cycle, and 
this cell won’t be as efficient as some 
of the others. Applications seem lim- 
ited to situations where large quanti- 
ties of cheap heat are available— 
possibly nuclear or solar sources. 

Consumable electrode systems op- 
erate at low temperatures with high 
power-to-weight ratios. The systems 
have proved practical and several 
pilot plants using this type cell are 
in operation. 


Pros and Cons 


Each cell of a fuel-cell system pro- 
duces about | v, but series hookups 
can bring voltages up to needed 
levels. The fuel cell has advantages 
that require careful evaluation: 
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Heat-Regenerative Cell 
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come ions. 


@ It’s more efficient than conven- 
tional electrical power generators. 
Experimental systems operate up to 
80 per cent efficiency—about dou- 
ble that of conventional equipment. 
© Waste products from the chemi- 
cal reactions cannot be detected— 
there’s no noise, heat, smoke, or 
other objectionable products. 

elt contains no moving parts and 
therefore requires negligible main- 
tenance. 

@ Vibration, shock, and climatic ex- 
tremes have no effect on operation. 
e It boasts extremely high power- 
to-weight and power-to-volume ra- 
tios. 

© It operates on a variety of fuels 
and, in some cases, a number of 
readily obtained low-grade fuels in- 
terchangeably. 

® Fuels produced for the chemical 
reaction can either be used immedi- 
ately or conveniently stored until 
needed. 

Not all fuel cells feature all these 
advantages. But, depending on the 
application, not all the advantages 
are equally important. In a large 


As the electrolyte circulates, the ions react 
with hydrogen ions (brought over from the anode) and 
oxygen to form bromine atoms and water. 
transported to the anode cell for further regeneration of 
the anode’s electrolyte. 
electrolyte is a lithium halogen solution. 
lithium atoms lose electrons and at the cathode hydrogen 
atoms gain electrons. 
the solution to form lithium hydride. 
to 1560 F, breaking it down into lithium and hydrogen. 


The water is 


In the hec't regenerative cell, the 
At the anode, 


The two types of ions combine in 
The hydride is heated 








Electrode acts as a fuel in the sodium 
amalgamate cell. Sodium amalga- 
mate flows down a steel anode and 
the sodium goes into solution, giving 
up electrons. The amalgam collects 
at the bottom and is recycled. More 
sodium is added and after the fresh 
batch is cooled (in the heat ex- 
changer), it's returned to the cell. At 
the cathode, the electrons combine 
with oxygen and water to form hy- 
droxyl ions. These ions travel to the 
anode where sodium hydroxide is pro- 
duced. The electrolyte (sea water) 
must be continuously changed to pre- 
vent the sodium hydroxide from con- 
taminating the cell. 
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WHERE INCREASED TENSILE, IMPACT 
AND TEMPERATURES COUNT... 
MORE ENGINEERS COUNT ON 


MIDVAC STEELS 


Where maximum reliability and minimum rejects, due to 
failure to meet mechanical properties, must be attained... 
more and more engineers are specifying Midvac super alloy 
steels. 

The Midvac process of consumable electrode melting 
eliminates atmospheric contamination, ingot soundness is 
improved, segregation is reduced and workability is in- 
creased. Ingots and billets produced for missile components, 
jet engine and aircraft parts and super bearings show 
increased tensile strength and impact, improved stress rup- 
ture at elevated temperatures and longer fatigue life. 

The table below shows just a few of the many super 
alloys being processed by Midvac. Our metallurgical engi- 
neers are ready to help you select or specify the Midvac 
Steel to meet your requirements. Write for complete 
technical data. 


MIDVALE-HEPPENSTALL COMPANY 
NICETOWN, PHILADELPHIA, PA. 


SUBSIDIARY OF HEPPENSTALL COMPANY — PITTSBURGH, PA. 
Plants: Pittsburgh, Pa. * Bridgeport, Conn. * New Brighton, Pa. 


Ultimate 
Tensile 
Strength 


Percent 
Yield Elongation 


Melting eucagth 2 


Process 


Properties shown are averages of 25 heats 
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Metallic O-Ring retainer plates 
cut machining and assembly costs! 


Now mating flanges can be sealed without machining grooves to 
hold metallic O-rings! To complement its own famous line of metal- 
lic O-rings, United introduces machined metal retainer plates, which 
are available to match most two-dimensional junctures, regardless 
of the number of ports. Plates hold one or more O-rings securely, 
minimizing the possibility of O-ring dropout and possible contam- 
ination or loss. Using United retainer plates, flange assembly time 
can be cut because plate and O-rings are handled as a unit. 

Openings in United’s retainer plates function the same as con- 
ventional groove walls. They furnish an automatic O-ring compres- 
sion limit .. . control O-ring hoop tension . . . position O-rings for 
accurate matching of multiple hole patterns in mating flanges. . . 
simplify surface finish operations . .. and permit interchangeability 
of flanges. For immediate price quotations, send drawings of 
flange configuration, together with specifications regarding fluids, 
pressures and temperatures to: 





Contractual Engineering Offices: 


CALIFORNIA 1101 Chestnut St., Burbank, VI 9-5856 aaa 
50 E. 42nd St., New York 17, MU 7-1283 . naa 
1116 Bolander Ave., Dayton, BA 4-3841 f if UNITED METALLIC “O” RINGS 

United Aircraft Products, Ltd., 147 Hymus Blvd. ae manufactured by 


lai .Q. : | 
Pointe Claire, P.Q., Phone Montreal: OX 7-0810 ® United Aircratt Products, inc. 
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power station, for example, efficien- 
cy and ability to use cheap fuels are 
the prime requisites, ability to op- 
erate quietly is less important. 
Three disadvantages tend to off- 
set advantages in some applications: 


e Electrical power is limited to dc 
output. 


© With some systems, a_ large 
amount of auxiliary equipment is 
necessary. 

© Large quantities of power per unit 
weight cannot be generated in a 
short time—the silver-zinc batteries 
are much superior in this respect. 


Although research and develop- 
ment are continuing, breakthroughs 
seem improbable in the near future, 
says the Army. A complete review 
of research now going on is pre- 
sented in the Army’s report (“Status 
Report on Fuel Cells”) available 
through the Department of Com- 
merce. 


Solid-Rocket Nozzle 
Steers by Swiveling 


New course corrector for small rockets 
—an integrated nozzle and nozzle- 
actuator package—is a_ thrust-vector 
control for solid-fuel engines. Devel- 
oped by Kelsey-Hayes Co., Detroit, the 
nozzle is of the turret type. It is the 
latest addition to the KH thrust-vector 
controls which include turret types, 
pivot types, and others. All have been 
successfully test fired. 
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Missiles Land on Air in Recovery Operation 


Belly-whopping missiles, landing on inflatable cushions which they carry, are 
cutting costs of Air Force training flights. Neoprene-coated nylon “recovery 
bags,’ made by Goodyear's Aviation Products Div., fill with compressed air to 
absorb landing shock of the TM-76-Mace tactical missile. First step in recover- 
ing one of these vehicles is throttling the jet engine to 60 per cent power (done 
by radar control); then a drag parachute is ejected to brake the speed. At 2500 
ft, three 100-ft cargo chutes open. Finally, as the missile nears the ground, two 
recovery bags pop into shape to cushion the landing. Besides its very practical 
purpose of saving missiles, the recovery operation offers opportunity for examina- 
tion of guidance systems which have not functioned properly. 


Tiny Pressure/Force Transducer Has No Moving Parts 


Deformations in a Polymer 
Control Electric Output 


SoMERVILLE, Mass. — A new wafer- 
like transducer responds instan- 
taneously to pressure changes, can 
be calibrated for just about any 
range, and has no moving parts 
to cause failure. Many unusual ap- 
plications are predicted because the 
unit operates accurately even when 
flexed or stretched and it can take 
overloads of several thousand per 
cent. 

Developed by International Dy- 
namics Corp., South Boston, Mass., 
the device uses a polymer as a 
sensing element. Electrodes are at- 
tached to upper and lower surfaces 
and a constant voltage is applied. 
Current flow through the polymer 
depends on its conductance and 
conductance varies with applied 
pressure. The wafer can be made 


One job for the new transducer is 
measuring acceleration. The acceler- 
ometer shown is a 500-2500 G unit 
weighing less than 3 oz. It's capable 
of responding to variations in applied 
force that occur as often as 1000 times 
per sec. It responds to forces in only 
one direction and gives no response to 
accelerations in other directions. 


almost any size or shape desired 

(even as small as 1-mm diam), and 

since applied pressures cause only 

a slight molecular deformation, the 

unit’s dimensional changes during 
(Please turn to Page 40) 
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“In modern manufacturing, electrical 
control equipment is the very heart of 
mechanized and automatic operation. Be- 
cause our plants have become so depend- 
ent on this equipment, the cost of ‘down 
time’ for any control failure is simply 
staggering. And, according to many manu- 
facturing engineers, limit switches are the 
worst offenders, accounting for as much 
as 70% of all interruptions due to control 
failures.” 


Mr. J. S. Wilford, Editor 
PRODUCTION Magazine 


“At least 60% of the electrical failures 
causing downtime of the production ma- 
chinery used in manufacturing home 
appliances at the Whirlpool Corporation 
can be traced to faulty limit switch oper- 
ation. An analysis of the switch failures 
reveals the inability of limit switches to 
meet the requirements of high production 
equipment such as is widely used in our 
St. Joseph Division.” 

Mr. C. R. Burg, Maintenance Engineer, 
Whirlpool Corporation 


“75% of the electrical failures on our 
machines can be traced directly to limit 
switch malfunctions. This problem is par- 
ticularly aggravating to us because we are 
responsible for the successful operation of 
our machines and their components on 
our customer’s floor. We have spent a 
great deal of time engineering protective 
mounting schemes to compensate for the 
inability of today’s limit switches to 
check the seepage of corrosive coolants 
and microscopic grit.” 

Mr. N. P. Bashor, 

Director Electrical Division, 

W. F. & John Barnes Company 


Production’s Enemy" 
MEETS ITS MASTER 


Cutler-Hammer announces the first 


Wi Tolerance Compensated 


Hi Contamination-proof 


Mi Visible Contact 


Extended Life Limit Switch 
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The new Cutler-Hammer Extended Life Limit Switch installs 
easier, works better, and lasts longer than any of the ‘‘oil- 
tight’’ limit switches now in use. Exhaustive tests, including 
total-submersion life tests, confirm this fact! But don’t take 
our word for it. Try it... Test it... Compare it. The new 
Cutler-Hammer Extended Life Limit Switch is completely 
interchangeable with any widely used limit switch. Replace 
your most troublesome limit switch installation with this 
new tolerance compensated, contamination-proof, visible 
contact Cutler-Hammer Limit Switch; and it will work bet- 
ter, last longer than any other you have ever used. This 
is the answer to your limit switch problems. 

For descriptive data write for Publication ED143-D243. 
Cutler-Hammer, Inc., Milwaukee 1, Wisconsin. 


W@ Tolerance Compensation 


The new Cutler-Hammer Extended Life Limit 
Switch represents a startling break-through in 
high-precision manufacturing methods. Each 
sub-assembly is accurately calibrated so that 
in final assembly all plus and minus tolerances 
are precision balanced or compensated. Thus, 
tolerance compensation guarantees every C-H 
Extended Life Limit Switch will operate identi- 
cally with precise repeat accuracy and ultra- 
long life. No binding...no sticking...no 
points of concentrated stress or wear. 


Contamination-proof 


New triple sealing positively checks seepage of 
all forms of oil, coolants, moisture, and abra- 
sive grit. New cone-seal stops seepage through 
the operating shaft bearing. New vulcanized 
bellows-sea! between the operating head and 
body eliminate the troublesome “O-ring” seal 
... won't wear... never needs attention. New 
cover seal seats on a raised lip... repeated 
opening and closing of the cover won't destroy 
the seal. Total-submersion life tests prove the 
new C-H Extended Life Limit Switch to be con- 
tamination-proof...suitable for even dry 
circuit applications. 


Visible Contacts 


Another Cutler-Hammer first...this new 
Cutler-Hammer Limit Switch provides com- 
pletely enclosed but visible single pole double 
throw switch contacts. During installation, 
one glance shows which contacts are open and 
which are closed ...no chance for wiring er- 
rors. During operations, one glance proves 
whether the switch is set and operating cor- 
rectly. Positive visible inspection cuts main- 
tenance costs too. 


Compare these features, too! 


@ One basic model is readily adapted to all desired 
forms of lever or plunger actuation . . . for either 
momentary or maintained contacts... for either 
surface or cavity mounting. 

Unsurpassed flexibility: 90° orientation of the 
operating head. 360° rotation of lever arm with 
a locking device that holds the adjustment. 
Lever operators provide clockwise, counter- 
clockwise, and clockwise-counter-clockwise 
actuation... easy to set on the job without dis- 
assembling the switch. 

Precise actuation ...10° pretravel—40° overtravel 
or 5° pretravel—45° overtravel. 

Visible, saddie-clamp terminals . . . no loose fibre 
flash-over barriers. 

Unitized switch mechanisms are interchangeable 
... Speeds replacements when overload or short 
circuit damage occurs. 

Meets all JIC and NMTBA requirements. Easy, 
complete interchangeability with any widely 
used limit switch. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, 
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Kerosene, 
Jets & 
Fuel Flow 


pectrol developed its newest PRECI- 
SION MECHANISM~A Pulse Total- 
izer—for an airborne system which meas- 
ures fuel flow with particular accuracy. 
But this carefully-designed electromechan- 
ical counter has many uses. You can apply 
it to any sort of pulse counting scheme, 
airborne or ground, where electrical out- 
put is required. 
The Totalizer features 5 decade switches, 
each having a string of precision resistors 
to give electrical readout. It also has a 
built-in amplifier which makes the input 
interesting—20 volts into 10K impedance. 
Operating from dc power, the unit will 
count up to 15 counts per second. There’s 
a manual reset and, as you can see, visual 
readout. 


How It’s Used. The Pulse Totalizer is part 
of a fuel measuring system aboard a jet 
airliner. A flowmeter acts as a transducer, 
and an amplifier delivers pulses propor- 
tional to the number of gallons to the 
Pulse Totalizer. The output from the Total- 
izer is delivered to multi-channel recorders 
as an indication of how much fuel was con- 
sumed per unit time. The visual readout 
feature of the Totalizer also permits its use 
on a photo panel aboard the aircraft for 
studies of fuel flow rate and total con- 
sumption. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the sys- 
tems engineer from building functional 
subassemblies. If you need modules using 
components such as gear drives, clutches, 
precision potentiometers and servomotors 
—Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 57 

21 


ELECTRONICS CORPORATION 
1704 South Del Mar Ave. * San Gabriel, Calif. 
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(Continued from Page 37) 
operation are negligible. 
Transducers are now being de- 
signed for individual applications by 
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Tiny radiation detector accurately meas- 
ures number and energy of high-speed 
atomic particles. It's an inexpensive 
solid-state device claimed to be more 
sensitive than any earlier detector. 
Essentially a thin slice of ‘‘doped"’ sili- 
con, the device emits a measurable 
pulse when struck by a charged nvu- 
clear particle. Developed by Hughes 
Aircraft Co., Culver City, Calif., it's al- 
ready being used in a cigar-like stor- 
age tube that also contains a battery 
and amplifier (right). 


and Shows 


March 6-9— 

American Society of Mechanical 
Engineers. Gas Turbine Power and 
Hydraulic Conference to be held at 
the Rice Hotel, Houston. Addi- 
tional information can be obtained 
from ASME headquarters, 29 W. 
39th St., New York 18, N. Y. 


March 7— 

Cleveland Engineering Society. 
Seventeenth Annual Machine De- 
sign Conference, sponsored by the 
Machine Design Div. of the society, 
to be held at the Cleveland Engi- 





neering and Scientific Center. Ad- 
ditional information can be ob- 
tained from Donald H. Cornish, 
Executive Director of CES, Cleve- 
land Engineering and Scientific 


IDC; no mass-production devices 
are on the market. The polymers 
used are restricted to temperatures 
below 230 F, but the company ex- 
pects to lick this limitation in the 
near future. 


Radiation Detector Fits in Hypodermic-Needle Tip 


Center, 3100 Chester Ave., Cleve- 
land 14, Ohio. 


March 7-8— 

Steel Founders’ Society of Amer- 
ica. Annual Meeting to be held at 
the Drake Hotel, Chicago. Further 
information can be obtained from 
society headquarters, 606 ‘Terminal 
Tower, Cleveland 13, Ohio. 


March 14-18— 

National Association of Corrosion 
Engineers. Annual Meeting to be 
held in Memorial Auditorium, Dal- 
las. Additional information is avail- 
able from NACE headquarters, 1061 
M & M Bidg., Houston 2, Tex. 


March 15-17— 

Society of Automotive Engineers 
Inc. National Automobile Meeting 
to be held at the Sheraton-Cadillac 
Hotel, Detroit. Additonal informa- 
tion can be obtained from SAE 
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JUST OUT! 
50 fact-filled pages...on 


' LINK-BELT’s NEW 
spherical 
roller hearings 


ERE are all the facts, all the features of Link- 
Belt’s new spherical roller bearings. Book 
2760 is packed with diagrams, photos, charts, 
formulas—explains the unmatched performance 
and economy advantages of these self-aligning 
bearings. And there’s an illustrated section on 
the machines and procedures that enable Link- 
Belt to maintain the strictest tolerances ever 
achieved in standard bearings. For your copy, 
mail the coupon today! 


DESIGN FEATURES 


SELECTION DATA 
AND FORMULAS 


SHAFT BEARING 
SEAT DIAMETERS 


LUBRICATION 
SHAFT DETAILS 


BEARING LOAD 
ANALYSIS 


aot oF N 


LINKi@;BELT 


4 > 
QI 


SELF-ALIGNING BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY 
Dept.MD, Prudential Plaza, Chicago 1, Ill. 


Please send a copy of the new Spherical Roller Bearing 
Book 2760. 


Name 





Firm 





Address___ 
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The A. W. Haydon Co. designed this 
series of repeat cycle timers for 
engineers with tricky timing prob- 
lems and tight budgets. The low 
unit price on quantity runs will sur- 
prise you...and the savings we can 
offer on very large volume produc- 
tion sometimes surprises us! # Yet 
there has been no sacrifice in qual- 
ity... it’s all in the design. Special 
spring switches are supported in 
molded contact blocks; cams, cam 
followers and gears are molded 
nylon for long service life and ex- 
tremely quiet operation. 
Two printed circuit ca- 
bles supply internal wir- 
ing to 12 output circuits, 
and parallel cam shafts 
provide two cycling 
speeds. @ TheA. W. 
Haydon Co. guarantees 
this repeat cycle timer 
for at least one year, con- 


IF 


tinuous operation, and it will actu- 
ally run for much longer. ® The unit 
shown operates at 115V, 60 CPS, 
2.5 watts power input. Its switch 
has been tested for 2 years (125 
million cycles at 2 amps resistive 
10VAC, 60 CPS) and is rated for 
2.5 amp or a 7.0 amp inrush lamp 
load. # To be sure, other variations 
are available. A. W. Haydon will be 
delighted to quote these long life, 
low cost repeat cycle timers in any 
one of 125 standard speeds, 5 volt- 
age ratings and 3 power supplies. 
All have Jones type ter- 
minal plugs for fast in- 
Sstallation, and a quick- 
change motor mounting 
forease of motor replace- 
ment. Aclear plastic dust 
cover helps reduce noise 
level to a whisper. Write 
a for information on your 
particular requirement. 


LOW 


TIMERS 


AYDON 


COMPANY 


249 North Elm Street, Waterbury 20, Connecticut 
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headquarters, 485 Lexington Ave., 
New York 17, N. Y. 


March 21-24— 

Institute of Radio Engineers. Na- 
tional Convention and Radio En- 
gineering Show to be held at the 
Waldorf Astoria Hotel and the 
Coliseum, New York. Further in- 
formation is available from IRE 
headquarters, 1 E. 79th St., New 
York 21, N. Y. 


March 22-24— 

Society of Automotive Engineers 
Inc. National Production Meeting 
to be held at the Statler Hilton 
Hotel, Cleveland. Further informa- 
tion is available from society head- 


quarters, 485 Lexington Ave., New 
York 17, N. Y. 


March 23-25— 

Pressed Metal Institute. Spring 
Technical Meeting to be held at 
the Pick-Carter Hotel, Cleveland. 
Further information can be obtained 
from PMI headquarters, 3673 Lee 
Rd., Cleveland 20, Ohio. 


March 27-31— 

Scientific Apparatus Makers As- 
sociation. Annual Meeting to be 
held at Boca Raton Hotel & Club, 
Boca Raton, Fla. Additional in- 
formation is available from SAMA, 
20 N. Wacker Dr., Chicago 6, III. 


March 29— 

Material Handling Institute Inc. 
Spring Meeting to be held at the 
Pittsburgh-Hilton Hotel, Pittsburgh. 
Further information is available 
from Hanson & Shea Inc., | Gate- 
way Center, Pittsburgh 22, Pa. 


March 29-31— 


22nd Annual American Power 


| Conference, sponsored by Illinois 


Institute of Technology in co-opera- 
tion with a total of 23 technical 
societies and educational institu- 
tions, to be held at the Hotel Sher- 
man, Chicago. Further informa- 
tion is available from conference 
director R. A. Budenholzer, Me- 
chanical Engineering Dept., Illinois 
Institute of Technology, 3300 Fed- 
eral St., Chicago 16, IIl. 


April 3-6— 
National Screw Machine Prod- 
ucts Association. Annual Meeting 


MaAcHINE DEsIGN 
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to be held at the Ambassador Hotel, 
Los Angeles. Further information 
can be obtained from association 
headquarters, 2860 E. 130th St., 
Cleveland 20, Ohio. 


April 3-8— 

Nuclear Congress to be held in 
the New York Coliseum, consists of 
the 6th Nuclear Engineering and 
Science Conference, the 8th NICB 
Atomic Energy in Industry Confer- 
ence, and the 6th International 
Atomic Exposition. Congress is 
sponsored by 28 engineering, scien- 
tific, management, and technical or- 
ganizations. Further information is 
available from 1960 Nuclear Cong- 
ress, 33 W. 39th St., New York 
18, N. Y. 


April 4-7— 

American Management Associa- 
tion. 29th National Packaging Ex- 
position to be held at Convention 
Hall, Atlantic City, N. J. The Na- 
tional Packaging Conference also 
will be held at Convention Hall, 
April 4-6. Further information is 
available from AMA, 1515 Broad- 
way, New York 36, N. Y. 


April 5-8— 

Society of Automotive Engineers 
Inc. National Aeronautic Meeting 
(including production forum and 
engineering display) to be held at 
the Hotel Commodore, New York. 
Further information can be ob- 
tained from the society, 485 Lexing- 
ton Ave., New York 17, N. Y. 


April 7-8— 
American Society of Mechanical 
Engineers-Society for the Advance- 
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“For the last time—stay out of 
the wind tunnel!” 
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900° F. STOCK BEARINGS 


PERMIT RAPID SOLUTIONS TO HIGH-TEMP PROBLEMS 





TYPE: Deep groove radial. RETAINERS: Machined, land riding. 
SIZES: 200, 202, 204 and 206. ACCURACY: ABEC-5. 
BALLS AND RACES: High speed steel. LUBRICATION: None. 











THESE NEW ITI ball bearings are for use at elevated 
temperatures up to 900° F. At such temperatures, their load 
capacity is greater than any other bearings of like size, and 
they have unusual dimensional stability. They open new 
horizons in developmental work, because (1) they provide a 
first approximation to the solution of a wide range of high- 
temperature bearing problems; (2) they're available from 
stock; and (3) they cost far less than custom-made experi- 
mental bearings. 


The suitability of a bearing to any high-temperature 
application depends on many factors.* Upon receipt of ap- 
plication data, we will tell you whether these “off-the-shelf” 
bearings will serve your purpose. Prices and other details 
are also available; and we invite your inquiry. 


* FREE BULLETIN AFB-2 gives details; also describes our work 
in custom-engineered bearings. Write for it. 


INDUSTRIAL TECTONICS, Inc. 


MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
3669 JACKSON RD., ANN ARBOR, MICH. 


WESTERN DIVISION PLANT: COMPTON, CALIFORNIA 
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This new lock and seal washer 
is just plain REVOLUTIONARY... 


When 
you tighten 


the nit... 


NYLOGRIP Dubo Lockwasher 
locks and seals it-instantly! 


The new NYLOGRIP Dubo Lock- 
washer is made of a special, cold- 
flow plastic called Nylon 6. When 
the nut is tightened, the washer 
“flows” — its inner diameter 
grips into the threads of the nut 


Patents Applied For 
jocks it 


the slightest loss of holding power. And, because it’s sym- 


metrical and has no threaded parts, you couldn't fit one in- | 


correctly if you tried 


PLUS FEATURES: excellent electrical properties... | 


exceptional! wear resistance . . . good shock absorption... 
resists corrosion, chemicals . . . non-flammable . . . high 
flexural strength. 


PLUS USES: The excellent electrical characteristics of 


NYLOGRIP Dubo Lockwashers make them ideal for elec- | 
trical insulation, or to help control electrolytic corrosion | 


between dissimilar metals 
YOU'LL WANT COMPLETE TECHNICAL INFORMATION, 
Write today to: 


NYLOGRIP PRODUCTS 


569 Pleasant St., Watertown, Mass.-WA 6-0100 
Non Metallic Fastenings of all types. 
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and bolt, to seal this junction | 
against leakage, while the outer | 
diameter flows over the outer edges of the nut, seals and | 
. So tight neither shock nor vibration can budge it! 
The Dubo Lockwasher can be used time and again without | 
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ment of Management. Manage- 
ment Engineering Conference to be 
held at the Statler Hilton Hotel, 
New York. Further information is 
available from ASME, 29 W. 39th 
St., New York 18, N. Y. 


April 11-13— 

Fourth Conference on Manufac- 
turing Automation to be held at 
Purdue University, Lafayette, Ind. 
Conference is sponsored by Purdue 
and Automation magazine. Further 
information can be obtained from 
K. E. Glancy, Div. of Adult Edu- 
cation, Purdue University. 


April 12-13— 

Institute of Radio Engineers. 14th 
Annual Spring Technical Meet- 
ing to be held in conjunction with 
the American Rocket Society at 
the Hotel Alms, Cincinnati, Ohio. 
Further information is available 
from IRE, 1 E. 79th St., New York 
a, oe: t. 


April 18-19— 

Third Annual Conference on 
Automatic Techniques to be held 
at the Sheraton-Cleveland Hotel, 
Cleveland. Additional information 
is available from conference public- 
ity chairman, Room 530, 1213 W. 
Third St., Cleveland 13, Ohio. 


| April 19-21— 


American Society of Lubrication 
Engineers. Annual Meeting and 
Exhibit to be held at the Nether- 





“Tell me, Bullfinch—how do you 
keep that self-winding watch of 
yours going?” 





land-Hilton Hotel, Cincinnati. Ad- 
ditional information is available 
from ASLE headquarters, 84 E. 
Randolph St., Chicago 1, Il. 


April 20-22— 

Institute of the Aeronautical 
Sciences. National Symposium on 
Manned Space Stations to be held 
at the Ambassador Hotel, Los 
Angeles. Further information can 
be obtained from IAS headquarters, 
2 E. 64th St., New York 21, N. Y. 


April 21-28— 

American Society of Tool and 
Manufacturing Engineers. Tool 
Show to be held in the Artillery 
Armory, Detroit. Further informa- 
tion can be obtained from ASTE 
headquarters, 10700 Puritan Ave., 
Detroit 38, Mich. 


April 25-29— 

American Welding Society. 41st 
Annual Convention and Welding 
Exposition to be held in Los An- 
geles. Technical sessions will be at 
the Biltmore Hotel; the show, at 
the Great Western Exhibit Center, 
April 26-28. Further information 
is available from AWS _ headquar- 
ters, 33 W. 39th St., New York 18, 
a ee 


April 27-28— 

National Conference on Space- 
Age Materials to be held at the 
Sheraton-Gibson Hotel, Cincinnati. 
Sponsor is the Cincinnati Chapter 
of the American Society for Metals. 
Further information can be ob- 
tained from ASM headquarters, 
Metals Park, Novelty, Ohio. 


May 3-5— 

Western Joint Computer Confer- 
ence to be held at the Jack Tar Ho- 
tel, San Francisco. Sponsors are In- 
stitute of Radio Engineers, Ameri- 
can Institute of Electrical Engineers, 
and Association for Computing Ma- 
chinery. Further information can be 
obtained from William C. Estler, 
965 Lincoln Ave., Palo Alto, Calif. 


May 9-13— 

American Society for Metals. Sec- 
ond Southwestern Metal Exposition 
and Congress to be held in the Au- 
tomobile Bldg., State Fair Park, Dal- 
las. Additional information is avail- 
able from ASM, Metals Park, Novel- 
ty, Ohio, 
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Now—with every 
Miller Cylinder— 
Teflon-sealed Port 
Seals that ‘'Seal with 
pressure”’ are pro- 
vided as standard at 
no extra cost. They 
permit much faster 
positioning of lines 
and fittings, elimi- 
nate ‘‘overtighten- 
ing’’ damage, and 
seal perfectly against 
all operating media. 


t 


RELIABILITY and ECONOMY | 


Here are eight more reasons why Miller Air Cylinders con- 
tinue to be the most economical and reliable cylinders that 
money can buy. These stellar features—including the new 
port seals—are standard Miller construction—yours at no 
extra cost. Thus, they provide appreciable savings in 
original investment—particularly for those who insist on 
“J. I. C.? quality throughout. Savings in operating costs are 
even greater, because these features are proven assurance of 
longer cylinder life, greater efficiency, reduced maintenance 
and downtime. 

Specify “Miller” for greater reliability and economy! Write 
for bulletin. 





MILLER FLUID POWER 


Oo 








7NO16 York Road, Bensenville, Illinois 
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Teletype Model 28 Automatic Send-Receive Set A‘‘com- 
plete station” in one console—with facilities for send- 
ing and receiving on message paper or sprocket-fed 
business forms...tape punching...sending or re- 
ceiving with tape... integrating tape and manual 
keyboarding . . . producing tape automatically, asa 
by-product of send-receive operations. 


Teletype Model 28 Tape Punch Receives incoming 
electrical signals, punches a 5-level ‘common lang- 
uage’’ tape, and prints data right on the tape, for 
easy identification and handling. Unit is used for 
message relaying ... for integrating data from several 
sources into a single tape... for providing punched 
tape as a by-product of send-receive operations. 


Teletype Model 28 Receive-Only Page Printer A mes- 
sage receiving unit (without keyboard). This is 
‘terminal’ equipment, for use where two-way com- 
munication is not necessary. No attendant is needed. 
Produces a printed record on plain paper or multi- 
part business forms. Table models of this unit and 
the send-receive set at the right are also available. 


Teletype Model 28 Tape Reader This is a sending unit. 
Reads punched tape and instantaneously transmits 
data to local or remote receiving equipment. As with 
all Teletype transmitting units, data may go to one 
destination or a number of destinations simultane- 
ously—either nearby or thousands of miles away. 


Macuing DesIcN 
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Teletype Model 28 Send-Receive Page Printer Message 


originating unit, for sending and receiving. Model 28 
page units, including the Automatic Send-Receive 
Set, feature a built-in “stunt box” control system 
for automatic station selection and electrical control 
of remote equipment. Horizontal tabulation and 
form positioning arrangement available. 


Teletype Model 28 Tape Reader—Twin Shaft Besides 
reading punched tape for on-line transmission, twin- 
shaft reader-distributor design offers facilities for 
simultaneous output on a multi-wire basis and direct 
translation (without tape) of signals from an external 
parallel-wire source for on-line transmission. 
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For your 
communications system .. . 


TELETYPE 
Model 28 Line 


Presented here are the principal units of the 
Teletype Model 28 line. ‘‘Model 28” stands for 
an entirely new concept in record communica- 
tions. It is an integrated line, designed on the 
modular principle, permitting a wide choice and 
ready interchange of components and providing 
accommodations for expansion. Typebox print- 
ing on page units makes possible quick inter- 
change of alpha-numeric characters. Speed is 600 
characters per minute with printing, up to 1,200 
characters per minute on tape units where print- 
ing is not required. 

These new machines are manufactured to 
Teletype’s precision standards for continuous 
day-in and day-out service. All-steel clutches and 
simple harmonic-design elements greatly reduce 
and simplify maintenance requirements. 


Exclusive with the Model 28 printer line is the 
versatile stunt box, which is actually a “robot 
brain.” It responds to keyboard or line signals, 
and may be used for internal control of extra 
functions in the Teletype printer, as well as for 
external controls. 


More information. If you would like more infor- 
mation on Model 28 equipment, please write to 
Teletype Corporation, Dept. 28B, 4100 Fullerton 
Ave., Chicago 39, Illinois. 


TELETYPE 


CORPORATION 


sussipiary or Wesfern Electric Company inc. 
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Columbium makes the difference 


in this new fine-grained carbon steel 


The new GLX-W steel offers a unique combination of characteristics—the formability 
and weldability of mild carbon steel plus greater tensile strength and notch toughness. 


The addition of small amounts of columbium gives 
GLX-W the finer grain structure that makes this possible. 


Where design permits, the use of GLX-W can result in weight savings up to 35%, compared 
with mild carbon steel. With yield strengths ranging from 45,000 to 60,000 psi, GLX-W 
steels are recommended for a broad range of applications. For technical information, 

write to our Product Development Division, Department MD-10. 


GREAT LAKES STEEL 


Detroit 29, Michigan 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 


MacuINnE DesIGN 
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HERE’S 
HOW STILL 
ANOTHER 

MANUFACTURER 

JOINS 

STAINLESS 
STEEL 
TUBING: 








He uses 
Handy & Harman’s 
BRAZE 630 





He’s one of many manufac- Each of the 17 joints is hand-torch brazed with 
turers and fabricators who have Handy & Harman BRAZE 630 wire and HANDY FLUX 
found—to their lasting satisfac- TYPE B-1. There’s no question that this is a unique 
tion—that Handy & Harman application. There’s no question, either, that the 
silver alloy brazing is the final application is stainless steel. The ease and economy 
4 answer to stainless steel joining with which this manufacturer solves his problems 
problems. can be just as readily applied to your stainless steel 
Super-Donic Manufacturing Company, Atlanta, Georgia,manu- joining problems. 

factures “‘Dual Arm Transmissions” for the dental industry. Most Strength, production speed, electrical and thermal 
everybody has—at one time or another—seen and/or felt this unit conductivity, gas and liquid tightness and low cost 
in operation. are natural benefits of silver alloy brazing. We think 
It is fabricated of small diameter 304 and 316 stainless steel it worth your while to learn more about this re- 
tubing and, in its assembled form, consists of some 17 separate markable metal-joining method—we’ll be glad to 
brazed joints. Joints must be strong, corrosion resistant and send you any information you ask for. Handy & 

neat-appearing. Harman, 82 Fulton St., New York 38, N.Y. 


FOR A GOOD START: Your No.? Source of Supply and Authority on Brazing Alloys —_——< —_ 


BULLETIN 20 seen Chicago, I 
~~ eine gives : i Sea N Dalas Texas 

good picture of silver brazing an FOS , ron, , 

its benefits. .. includes details on \@ HANDY & HARMAN wiv 
alloys, heating methods, joint de- CG 1 Offices: 82 Fulton St., New York 38, N.Y oa, ©. a lit 
sign and production techniques. \ - ee eae SES Stig SUE EES Sty OS Ep Montreal, Canada 
Write for your copy. si DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 
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for Day-In 


STOCK RELAYS | Dey-ou 
Reliability 





For Severe Shock and Vibration 


A rugged relay, particularly adaptable to aircraft and mobile applications. 
Design of molded parts around contact arms prevents mechanical injury. 
Available in twenty-three 3-pole and 4-pole types. Coil Wattage: 3.00 
watts, DC operation; 6.00 watts, 60 cycle AC. Maximum temperature 
rise 45° C, DC; 75° C, AC. Coil Operating Voltages: from 6 to 230 
VAC (60 cycles) and 6 to 220 VDC. Contacts: Fine silver. Rated for 
115 VAC or 32 VDC, non-inductive load. Weight: 3-pole, approximately 
5 ounces; 4-pole, 6 ounces. 


Compact and Lightweight 


A general-purpose relay of wide application. Handles loads usually de- 
manded of much larger relays. Meets rigorous aircraft relay standards. 
Twenty single-and double-pole types. Coil Wattage: 2.5 watts, DC; 3 
watts, 60 cycle AC. Maximum temperature 45° C, DC; 65° C, AC. 
Coil Operating Voltages: from 6 to 230 VAC (60 cycles) and 6 to 220 
VDC. Contacts: Fine silver is standard. Rated for 115 VAC or 32 VDC, 
non-inductive load. Weight: Approximately 4 ounces. 


Twin Coils for Extra Sensitivity 


Similar in construction to Model DOS. The DOSY relay is adaptable to 
a wide range of electronic applications such as plate circuit controls or 
as overload or underload controls in DC circuits to signal attainment of 
predetermined current levels. Four single- and double-pole types. Coil 
Wattage: 1.00 watt, with maximum temperature rise of 45° C. Contacts: 
Fine silver. Rated for 115 VAC or 32 VDC, non-inductive load. Weight: 
Approximately 442 ounces. 


Write for Stock Catalog 30 
Also other quality relays of many types 


RHEOSTATS © RESISTORS © RELAYS 
TAP SWITCHES © R.F. CHOKES 
VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS 
GERMANIUM DIODES 


QUALITY 


Components OHMITE MANUFACTURING COMPANY 


3618 Howard Street, Skokie, IIlinols 


February 18, 1960 Circle 430 on Page 19 





ADNSUNAM first to be specified 


by America’s leading OEM's... 


A COMPLETE LINE TO CHOOSE FROM 
FOR YOUR PARTICULAR APPLICATION 
Available in all thread styles and sizes 


Cumanoaty Attached Male 
NPTF) for 1, 2 and 3 Wire 
id rubber cover hose. Plated 

to prevent rust and corrosion. 

Sizes: 4” thru 2”. 

Wkg. Press.: 375—5000 p.s.i. 


names Attached Male 
Flare (JIC) for 4 and 6 Spiral 
Wire Braid rubber cover hose. 
Used for Ultra High Pressure. 
Sizes: Ye” thru 114”. 

Wkg. Press.: up to 7500 p.s.i. 





Reusable Male (NPTF) for cot- 
ton and rubber cover hose. No 
skiving necessary. 


Sizes: 14” thru 2”. 
Wkg. Press.: 350—3000 p.s.i. 


Reusable Swivel Female for 1 
and 2 Wire Braid rubber cover 
hose. Easy field replacement. 
Sizes: 14" thru 114”. 

Wkg. Press.: 375—5000 p.s.i. 





Permanently Attached Flange 
Head Couplings for 1 and 2 
Wire Braid ru cover hose. 
Available in angles to 90°. 
Sizes: 4" thru 2”. 

Wkg. Press.: 375—5000 p.s.i. 


a 2 Type Couplings -— 
flange stems for 1 an 

~ Braid rubber cover oat 

Exclusive “‘Inter-Lock" feature. 


Sizes: 4” thru 2”. 
Wkg. Press.: 375—5000 p.s.i. 


rR Ret NES 





It’s a known fact that many lead- 
ing Original Equipment Manufacturers 
submit their original specifications for 
their first quotation to Eastman. 


EASTMAN’s unequalled experience 
in hydraulic conversion, plus many 
original designs shown in a few popular 
Eastman fittings at the left-—give your 
product an appearance of quality that 
improves its competitive position. 
These assemblies are available in all 
thread styles and sizes. 


EASTMAN Engineering Service... 
Backed by Unequalled Experience 

It is also a known fact that Eastman’s 
co-operative engineering counsel and 
service is highly respected and often 
requested by leading OEM’s. Let 
Eastman engineers help you lay out 
your fluid power lines—from pump to 
point of work—effecting economies in 
design, improving performance and in- 
creasing user satisfaction. 

Let EASTMAN recommend the 
best assembly ... for the best per- 
formance... at the lowest cost. 


“Lo | om op 


— mn 
Si |e * 


Bent Tubing with the 
necessary fittings to 
meet your own specific 
requirements. 


Adapters, Adapter 
Unions and Boss “O" 
Ring Fittings. All types 
Permanently Attached Power e ros a 
Steering Assemblies to meet . 
all requirements—designed to 
your specifications. 





FOR ADDITIONAL INFORMATION, 
WRITE EASTMAN MFG. CO., 
MANITOWOC, WISCONSIN 
OR PHONE: MURRAY 4-4495 


AStinaM MANUFACTURING COMPANY 


Permanently Attached Air 
Conditioning Assemblies for 
automotive use—designed to 
your particular specifications. 


WRITE for Eastman Tech- 
nical Bulletins Nos. 100 
and 200 on High, Medium Eastman 


and Low Pi e Hydraulic 
Dept. MD.2 = ow — Hydrau 
MANITOWOC, WISCONSIN 
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Simplify designs 


... save money 


one of Du Pont’s versatile 
engineering materia/s 


with molded parts of Du Pont ZYTEL® nylon resins 


The outstanding properties of parts 
made of ZYTEL nylon resins have led 
to the creation of simplified, money- 
saving designs. Typical of such im- 
provements is the new Scotch Brand 
cellophane tape dispensing machine. 
Here, molded gears and shafts of 
ZYTEL replace more expensive ma- 
chined steel parts. The intricate com- 
ponents of ZYTEL are easily molded 
to close tolerances and possess high 
strength and excellent wear resistance. 
Because of the low coefficient of fric- 
tion of ZYTEL, these new parts elimi- 


nate the need for bearings, giving 
smooth, lubrication-free operation 
while saving money. And the parts of 
ZYTEL are much lighter than those 
previously used. For more examples 
of how ZYTEL nylon resins save money 
and simplify designs, look on the fol- 
lowing page. 


Tape dispenser by Specialty Manufactur- 
ing Co. for Minnesota Mining and Manu- 
facturing Co., both of St. Paul, Minneapolis. 
Components of ZYTEL molded by North- 
west Plastics, Inc., St. Paul, Minnesota. 








one of Du Pont’s versatile 
engineering materials 


Zytel 


Complex moldings of ZYTEL’ resist 
wear...corrosion...low temperatures 


FLEXIBLE COUPLING made of links 
of ZYTEL outlasts metal chain cou- 
pling up to 6 to 1 and costs 20% less 
to buy and maintain. Coupling is 
clean, quiet, corrosive-free. (By Berea 
Plastics Co., Berea, O., for Morse 
Chain Co., Ithaca, New York.) 


PIPE FITTINGS molded of ZYTEL are 
used to connect plastic pipe with plas- 
tic or metal pipe. Pressure grooving 
and threads are molded into the com- 
plex hollowshapes. The partshavehigh 
strength and chemical resistance. (By 
Yardley Plastics Co., Columbus, O.) 


When parts of any kind are subjected to rugged treatment, moldings of 
ZYTEL nylon resins usually give longer wear at lower cost. Because of 
an unusual combination of properties, parts of ZYTEL are equipped to 
withstand conditions that would reduce the life of ordinary materials. 
ZYTEL is easily molded into complex shapes and has exceptionally high 
strength in thin sections. Its resistance to temperature extremes allows 
reliable use under such conditions. Resisting corrosion, ZYTEL is ideal 
for use requiring exposure to the elements or to chemicals. Light in 
weight, it resists abrasion and impact. Du Pont ZYTEL may help you 
save money by reducing production costs and giving improved perform- 
ance under adverse conditions. Find out how by filling out and sending 
in the coupon below. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 123 

Room 2507Z, Nemours Building, Wilmington 98, Delaware. 
Please send me more information on Du Pont ZyTEL. I am 

interested in evaluating this material for: 








Name Position 





Company. 
Street Address 
City Zone State 














Type of Business 





in Canada: Du Pont of Canada Limited, P.O. Box 660, Montresi, Quebec. 


TOILET-SEAT HINGE made of ZYTEL 
is virtually indestructible . . . non- 
corrosive, rustproof . . . highly re- 
sistant to stain or discoloration. Easy- 
to-clean hinge never peels, cracks or 
chips. (By Bemis Manufacturing 
Corp., Sheboygan Falls, Wisconsin.) 


POLYCHEMICALS DEPARTMENT 


GU PONY 


REG. U. 5. PaT. OFF. 


Better Things for Better Living... through Chemistry 


. y fie ee nylon resins 


Alathon °- Delrin’ ° Lucite 





NOW... high horsepower Gearmotors and In-Line Reducers 
that weigh less, have increased load carrying capacity 


The gearing in these drives is case hardened and precision ground, a development 


so advanced that conventional standards and ratings are suddenly out-of-date. You 


get commercial gear drives with gearing of master gear quality, plus a whole new 


set of engineering advantages. They are available in standard sizes to 200 H.P. 


(Left) 75-HP GEARMOTOR. 


(Right) 50-HP IN-LINE REDUCER with right angle attachment. 


Application: heavy duty machine tool drive. 


LONGER LIFE 

Extreme accuracy of tooth profiles, pro- 
file spacing and surface finish eliminates 
“running in" and resulting gear wear. 


HIGHER SPEEDS 

Dynamic load factors are reduced. 
Reducers operate at higher speeds, 
have increased load carrying capacity. 


Application: conveyor drive. 


REDUCED VIBRATION 

Reduced tooth to tooth errors, accumu- 
lated pitch errors and total composite 
errors give smoother contact. 





SPACE AND WEIGHT SAVINGS 

Harder materials, plus major reductions 
in load factors, save weight and space 
without sacrificing performance. 





REDUCED SOUND LEVELS 


For applications where low sound levels 
are important, gear noise is no longer 
a controlling factor. 


Write today for catalog GM-60 


100% INTERCHANGEABILITY 
Duplicate units or spares can be in- 
stalled with original manufacturing tol- 
erances duplicated exactly. 





philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 





King of Prussia (Suburban Philadelphia), Pennsylvania 
Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va. 
INDUSTRIAL GEARS & SPEED REDUCERS * LIMITORQUE VALVE CONTROLS © FLUID MIXERS ¢@ FLEXIBLE COUPLINGS 
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What do you need in an 
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’ 
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Less Maintenance! 








714-hp Ajusto-Spede Drive 


Common motor-drive housing for units up 
to 714 hp saves space — can be foot or 
flange mounted. Larger sizes up to 100 hp 
with individual motor and drive housings 
mounted integrally. 


NEW design news from Louis Allis 


«2. The Louls Allis AJUSTO-SPEDE® drive 
is more compact, precise, and trouble-free 


Here’s an adjustable speed drive that allows truly precise machine operation. 
Speed regulation is automatic and stepless — results in faster, more efficient 
production at lower cost, with less waste, and minimum wear on equipment. 


These and other benefits are yours when you use the improved Louis Allis 
Ajusto-Spede drive. For example, it can be set before or during operation to deliver 
any desired speed within its range. Its exclusive tachometer feedback circuit 
monitors the output speed and automatically corrects speed and holds it 
regardless of load changes. 


This improved drive requires minimum maintenance. Its stationary field has no 
brushes, commutators, or slip rings to cause trouble. The source of power is an 
equally trouble-free standard a-c squirrel cage motor. The cast-iron housing 
keeps out dirt, chips, and moisture — resists corrosion. 


The compact Ajusto-Spede also saves space. Integrally-mounted motor and 
drive simplify handling — can be easily adapted for installation on new or existing 
machines. Controls can be mounted at the machine or any other convenient position. 


The Louis Allis Ajusto-Spede drive is the practical solution to almost every 
application that requires dependable, easily controlled adjustable speed. It is the 
answer to precise operating speeds for machine tools, process machinery, test 
equipment, windups, conveyors, printing presses, and other equipment. 

Contact your Louis Allis District Office for information and application 

help. Or write for bulletins 2750 and 2800 — The Louis Allis Co., 

459 East Stewart Street, Milwaukee 1, Wisconsin. 

® Ajusto-Spede is a registered trademark of the Eaton Mfg. Co. 
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Single-cog belts with 
extra contact area provide 
more efficient transmission 
of power and longer belt 
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Belt changing 1s fast 
and easy — without 
requiring special tools. 
You remove only one 


* bearing bracket and the 
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, feature eliminates the 


problems of overhung 
discs. It equalizes distri 
bution of belt loading 
keeps bearings, shafts, 
discs and belt permanently 
aligned — improves 
fel-acelaeat-lare= - and 
extends bearing life 
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making belt changes 


Another new product from Louis Allis Four of the many variations 


of mounting available with 
the ALLISPEDE DRIVE. 








Let’s look at the features of the 


ALLISPEDE DRIVE* 





New Louis Allis Drive offers accurate 
control — maximum belt life — long-run economy — 
low-cost versatility — ease of installation 


The Complete Line— After checking the many superior features of this drive, you will prefer 


} 


Drive apex sation the Allispede every time. The illustrations at the left demonstrate the 
eer enere san many advantages of design and construction available in this drive. 


DE DRI 
. The Allispede Drive gives you high efficiency and close regulation. Belt 
tension adjusts automatically — and belt changes are easy and fast. The 
modern design eliminates overhung discs—maintains belt and disc alignment 
— results in longer belt life — provides the ultimate in field versatility. 


Check the accompanying features — now! A phone call to your local 
Louis Allis District Office will bring a skilled Louis Allis Field Engineer. 
He will gladly study your drive problem and offer Application Engineering 
assistance. Or write to Louis Allis Company, 459 East Stewart Street, 
Milwaukee 1, Wisconsin for a copy of Bulletin 3600. 


*ALLISPEDE is a trademark of The Louis Allis Company. 
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I. pays to buy from a line of stock 
bearings—bearings that have been proved in thou- 
sands of installations similar tc yours. You benefit 
by getting known dependability; and you get the 
important savings of high quality at production 
price. 


PIN-POINT SELECTIVITY 


Dodge has supplied mounted bearings to industry 
for over three-quarters of a century. Dodge bear- 
ings have always kept pace with improved produc- 
tion practices. Each new condition of service has 
been met by Dodge as it has arisen, with the result 
that the Dodge line contains mounted bearings to 
meet almost every service requirement with pin- 
point accuracy. 


High load, high speed, excessive dust, moisture, 
corrosion, high or low temperatures, continuous 
operation—you name it!—such conditions and 
their combinations are met every day with Dodge 
bearings. 


BROAD LINE—WIDELY DISTRIBUTED 


In the great variety of mounted bearings devel- 
oped by Dodge, you will most likely find the pre- 
cise unit to fit your requirements ideally—without 
paying for features you do not need. And if your 
requirements call for several types of bearings, 
there is an advantage in having them of common 
design, such as Dodge offers. 


The Dodge line is probably broader than any 
other line of mounted bearings in America. And of 
special importance to machinery manufacturers, 
it is the most widely distributed line. There is al- 
ways a Dodge bearing of the right type and size 
near at hand. 


You can check this with your local Dodge Dis- 
tributor. Ask him—or write us for the Dodge 
Bearing Bulletin. 


In addition to tapered roller, spherical roller and ball bearings, 
Dodge builds many types of sleeve bearings. Here is the “large 
and small” of the sleeve type bearings carried in stock—ranging 
from an 8-in. Sleevoil weighing over 1200 Ibs. to a 4-in. solid 
journal bearing weighing 9 ounces. 


DODGE MANUFACTURING CORPORATION, 3300: Union Street, Mishawaka, Indiana 
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TIMKEN TAPERED ROLLER BEARINGS 


DODGE PILLOW BLOCKS WITH 


DODGE SPHER-ALIGN PILLOW BLOCKS 
WITH SPHERICAL ROLLER BEARINGS 


DODGE BALL BEARING 
PILLOW BLOCKS 





DODGE SLEEVOIL 
PILLOW BLOCKS 


DODGE BRONZOIL 
PILLOW BLOCKS 


DODGE BRONZE BUSHED 
PILLOW BLOCKS 
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DODGE JOURNAL BEARINGS 
SOLID AND SPLIT 





@ Dodge Pillow Blocks with Timken Tapered Roller Bearings. 
America’s quality pillow blocks. Assembled, lubricated, ad- 
justed and sealed at the factory. 5 types for varying needs. 


@ Dodge Spher-Align with Spherical Roller Bearings. Rugged 
heavy duty, compact, inherently self-aligning. Exclusive 
Micro-Mount simplifies installation. 


@ Dodge Ball Bearing Pillow Blocks. Deep groove ball bear- 
ings with long inner races—high capacity. SL, SC and SCM 
models for light, normal and medium service respectively. 


@ Dodge Sleevoil Pillow Blocks. Ultra quality ... extra long 
life . . . accessibility . . . guiet. Plain or water-cooled. 


@ Dodge Bronzoil Pillow Blocks. Efficient, low cost pillow 
blocks with self-oiling, capillary bronze bushings. Self-align- 
ing. Large oil reservoirs. 


@ Dodge Bronze Bushed Pillow Blocks. Quiet fan and blower 
pillow blocks with two bronze bushings of high lead content 
mounted in one cast iron housing. 


CALL THE TRANSMISSIONEER — your local Dodge Distribu- 
tor. Factory trained by Dodge, he can give you valuable help 
on new, cost-saving methods. Look under “Dodge Transmis- 
sioneer”’ in the white pages of your telephone directory, or in 
the yellow pages under “Power Transmission Machinery.” 


ad 


DODGE HEAVY RIGID 
PILLOW BLOCKS 


FLANGE BEARINGS: HANGER 
BEARINGS: BEARING UNITS: 
TAKE-UPS 





@ Dodge Journal Bearings — Solid and Split. True running, 
dependable. Babbitted bearings with precision machined 
bores and faces. Finished bases. 


@ Dodge Heavy Rigid Pillow Blocks. Rugged, carefully bored, 
babbitted pillow blocks for many applications requiring 
grease lubrication. Finished bases and ends. 


@ Bearing Units. A wide variety—spherical seat, cartridge, 
flange, hanger, screw conveyor hanger, take-up. Ball, Roller 
and Sleeve types. 


of Mishawaka, Ind. 
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Good to the last bite... 


Nicholson files and rasps, manufactured by the Nicholson File Company 
of Providence, Rhode Island, are regarded by tool experts as among the 
finest in the world. A long history of experience and research has taught 
Nicholson craftsmen how to make good, long-lasting products. 


In file or rasp-making, preparation of the steel is paramount. After 
precision forming, the steel is carefully heat treated to develop uniform 
internal grain structure. A reciprocating chisel cuts the teeth, then the 
file or rasp is heated in a lead bath and quenched to develop hardness. 
It is cleaned and sharpened by sandblasting, the tang is heat treated to 
improve toughness, and the file is finally inspected. 

U.S.Steel metallurgists have worked closely with Nicholson’s 
designers to provide just the right special-purpose steel for each special- 
purpose file or rasp. Just as there is no one all-purpose file or rasp, steels, 
too, are made with an almost countless variety of physical and chemical 
properties. Every day U.S. Steel produces ‘‘special purpose”’ steels, with 
a chemistry to meet a designer’s specific requirements. As the Nicholson 
File Company knows, ‘‘steel’’ is not a single product. It is an almost limit- 
less array of practical solutions to the problems of the most imaginative 
and demanding designer. U.S. Steel research is available at all times to 
help you get a job done right. United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
American Steel & Wire—Cleveland 
Columbia-Geneva Steel—San Francisco 

Tennessee Coal & iron—Fairfield, Alabama 

United States Steel Supply—Steel Service Centers 
United States Stee! Export Company 


United States Steel 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
i) 





DEPENDABILITY 

of shifter fork 
improved by designing 
it to he FORGED 


Modern board forging hammer 


By designing the shifter fork of his transmission to be forged, 

a manufacturer of earthmovers eliminated costly equipment breakdowns in the 
field because of fork failure. Factor of safety was increased even while 

weight and over-all costs were being decreased. 


Parts scrapped because of voids uncovered after much high-cost machining 
are eliminated ... forgings are naturally sound all the way through. 
Forgings start as better metal... are further improved by the compacting 
hammer-blows or high-pressure of the forging process. 


Design your parts to be forged... increase strength/weight ratio, 
reduce as-assembled cost, improve performance. Literature to help you design, 
specify, and procure forged parts is available on request. 


Drop Forging Association * Cleveland 13, Ohio 


Names of sponsoring companies on request to this magazine 
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missiles 

Robinson all-metal MET-L-FLEX® mounting 
systems are now protecting certain components 
and items of sensitive equipment installed in 
the Atlas, Titan, Polaris, Bomarc, Lacrosse 
and other important missiles. Advanced space 
projects will depend heavily upon the special- 
ized engineering resources that are available 
at Robinson to achieve reliability through 
environmental control. 


aircraft 

Today every major commercial and military 
aircraft including intercontinental and medium 
range jet bombers, supersonic fighter-bombers 
and interceptors, trainers, tankers, cargo and 
reconnaissance planes, are equipped with alli- 
metal mounting systems designed by Robinson 
to protect many vital components. 


surface ships and submarines 


Robinson pioneered in the development and 
production of new low frequency shipboard 
rnounting systems for the Navy’s new single 
sideband communications equipment. These 
all-metal mountings have been specified by 
the Navy for installation in nuclear submarines 
and surface craft. 


vehicies 

Rugged, all-metal mounts have been designed, 
tested, and accepted to protect the latest 
communications and electronic equipment in- 
stalled in tanks, trucks, jeeps, command cars, 
and other military vehicles. The operational life 
of the electronic components will be extended 
and reliability increased. 


VIBRATION CONTROL !1S RELIABILITY CONTROL 


~Xol=11\k-1°) \ Meer eee 


oe oe ae a ee ee, ee 


Formerly ROBINSON AVIATION INC. ¢ West Coast Engineering Office: Santa Monica, Calif. 


DESIGNERS AND MANUFACTURERS OF VIBRATION CONTROL SYSTEMS 
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MICRO-MASTER” 
105/35 mm 
Miniaturization 
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KEUFFEL & ESSER Co. 


NEW YORK + HOBOKEN, N. J. * DETROIT » CHICAGO + MILWAUKEE « ST. LOUIS » DALLAS + DENVER » SAN FRANCISCO + LOS ANGELES + SEATTLE » MONTREAL 
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Tempering temperature’s temper 


Hee of 2000+ deg. F. is generated in a supersonic jet’s 
tailpipe. So is extreme vibration. 

By far the best alloy tested for this critical component is 
MULTIMET alloy—one of 12 Hayngs alloys helping 
combat heat, stress, and erosion in the jet engine, missile, 
and rocket field. 

HAYNEs alloys are relied on for use in afterburners, turbine 
blades, nozzle vanes, and many other high-temperature 
parts. All 12 Haynes high-temperature alloys are 
production alloys and are readily available. Some are 
vacuum melted. Some air melted. Some are cast, 
some wrought, some are produced in both forms. 


Complete vacuum melting equipment is part 
of HayNEs STELLITE’s modern plant facili- HAYNES STELLITE COMPANY 
ties. For full details, write for 48-page de- Division of Union Carbide Corporation 


scriptive booklet. Kokomo, Indiana 


Address inquiries to Haynes Stellite Company, 420 Lexington Avenue, New York 17, N. Y. 


“Haynes,” “Multimet,” and “Union Carbide” are registered trade-marks ef Union Carbide Corporation.. 
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IBM electric 
typewriters! 


Almost twelve years have elapsed since 
International Business Machines Cor- 
poration used its first R&M motor to 
power its electric typewriters. Since 
then R&M has supplied thousands upon 
thousands of these special motors for 
IBM’s world-wide typewriter trade. In 
order to meet varying electrical condi- 
tions the world over, they are now sup- 
plied in 21 different voltages and 
frequencies. 

IBM proposed strict requirements 
for powering their machine. The motor 
must have high starting torque for 
quick response . . . run very quietly 
... cooler than normal .. . fit a limited 


space ... and have stamina to perform 
dependably year after year. Within a 
short period of time, R&M delivered 
specifications for the right design—a 
dynamically balanced motor that ful- 
filled all of IBM’s standards, including 
reliable operation that covers thousands 
of hours between check-ups. 

A lot of fingers have gone over the 
keys since R&M produced its first IBM 
typewriter motor, but we still subject 
each IBM power unit to 100% inspec- 
tion. Moreover, we constantly work 
with IBM—and all our customers—to 
improve our motors and to adapt them 
to the ever-changing requirements of 


customers’ products. 

R&M’s experience in custom-design- 
ing motors for hundreds of products, 
and our facilities to produce a design 
at low cost, are at your service. Per- 
haps your problem can be met with a 
standard “off-the-shelf” power unit. If 
so, we'll tell you . . . and recommend 
the right R&M motor for the job. For 
power by either custom or standard 
fractional HP motors . .. and perform- 
ance that will give you a big competi- 
tive advantage . . . get in touch with 
Robbins & Myers today! Write for Bul- 
letin No. 450-MD 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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MOTORS 1/200 thru 1 HP 





At left, Retractable Capstan Motor... 
shaft of this special R&aM fractional HP 
motor rotates and also moves axially. 
Manufactured for IBM’s 727 Magnetic 
Tape Unit. 


At right, Standard Fractional HP Motors 
... a wide range of types, sizes and mount- 
ings for DC, single or polyphase AC; all 
standard voltages and frequencies, 


At left, Standard Universal Motors . . . 
ratings from 4%» to 4% HP. Choice of end, 
pad or foot mountings to permit design 
versatility. Custom designs also available. 


At right, Series Motor Parts . . . precision- 
made series, universal or polyphase high- 
cycle motor parts. All types and sizes 
engineered to your requirements. 
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Up to 2'/3 times as much holding power! 


Up to 100°, longer fatigue life! 


New UNBRAKO pHa” Hi-Life socket screws 
—the advanced-design fastener for the 60's 


Stronger in the head 

















INCREASED 
BEARING 
AREA 


New pHd head features increased bearing area, 
more powerful wrenching socket; provides up to 
24 times as much clamping force without indenting 
bolted material. This permits higher preloading, 
which in turn helps prevent fatigue failures or 
loosening under vibration. 


Stronger in the thread 


NEW UNBRAKO HI-LIFE 
THREAD 
ROOT FORM 


OLD THREAD 
ROOT FORM 


Smoothly radiused root of new Hi-Life thread dis- 
tributes stress concentrations at point where 85% 
of screw failures occur. Elimination of sharp root 
corners practically doubles fatigue life, yet new 
thread fits standard tapped holes and nuts, requires 
no special gaging. 


INDUSTRIAL FASTENER Division 


JENKINTOWN 18, PENNSYLVANIA $ 


where reliability replaces probability 


*pHd stands for “proper head design” —a factor in higher product reliability 
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Here is the one new socket head 
cap screw that is redesigned 
throughout. UNBRAKO pHd Hi-Life 
is the only standard socket screw 
offering you both the new, larger 
pHd head (1960 Series) and new 
UNBRAKO Hi-Life thread—a com- 
bination unequaled for strength 
and performance. 

Because of its increased bearing 
area under the head, you can 
tighten a pHd Hi-Life tighter with- 
out indenting the bolted material. 
This safeguards vital preload; pro- 
tects against loosening under shock 
or vibration. At the same time, the 
new Hi-Life thread form drasti- 
cally reduces stress concentrations 
at the root, where the majority 
of screw failures occur. Result: up 
to 100% increase in fatigue life. 

Both the pHd head and Hi-Life 
thread originated in the SPS labo- 
ratories for advanced fastener re- 
search where they were first devel- 
oped for ultra-high-strength air- 
craft bolts. Recognizing the critical 
need for increased mechanical reli- 
ability in industrial and consumer 
goods as well, SPS now offers 
these refinements in a standard 
commercial fastener. Price? The 
same as previous UNBRAKOs. 
Availability ? Immediate—in sizes 
\4 through 1 inch. See your author- 
ized industrial distributor or write 
SPS—manufacturer of precision 
threaded fasteners and allied prod- 
ucts in many metals, including 
titanium. Request Bulletins 2406, 
2577. 


TENSION -TENSION FATIGUE TESTS 
PROVE LONGER FATIGUE LIFE OF 
UNBRAKO HI-LIFE THREAD FORM 


Screw Size: 4-20 Testing Speed: 1050 cpm 
Cycle Life 





UNBRAKO 
Hi-Life 
Threads 
8,000,000* 
1,808,000 
232,350 
89,950 
40,000 


Alternating 
Stress in psi 
(000 omitted) 

2-20 2,076,000 
3-30 598,000 
4-40 120,700 
5-50 56,650 
7-70 22,900 


*Test stopped—no failure 


Old Thread 
Root Form 
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..-where industrial progress is cast in steel 


PRODUCTION FACILITIES... COMPLETE AND MODERN 


Write for folder: How General Steel 
Castings Can Improve Product Design 
and Performance. General Steel Cast- 
ings, Station 260, Granite City, Illinois. 


General Steel’s large plants have com- 
plete facilities for producing, testing 
and machining castings to your spec- 
ifications. Here are the facilities 
needed for quality production to suit 
your specialized requirements in cast 
steel structures... and steel castings 
used in cast-weld and composite 
structures. 


Each plant maintains its own 
pattern, core making and molding 
departments, staffed by skilled 
craftsmen. Melting facilities capable 
of producing the correct steel for 
castings weighing up to 100 tons are 
complemented by the most modern 


foundry equipment available. Mod- 
ern cleaning and finishing equipment, 
extensive heat treating facilities, 
specialized machine tools and the 
latest in non-destructive testing .. . 
radiographic, magnetic particle and 
ultra-sonic inspection devices... 
complete the picture. 


General Steel’s services range from 
application analysis before the prod- 
uct is designed to field service after 
the product is in use. Let us demon- 
strate how cooperative teamwork 
can make all this skill and knowl- 
edge available to you. 


GENERAL STHEEL CASTINGS 








NEW! DUAL TORQUE-LOCKING 
» AND POSITIONING DEVICE 


REV- LOK eliminates feedback torque, 
provides two-directional positioning, drive, 
over-running and backstopping 


NOW! You can have positive and instantaneous stopping of feedback 
(reverse) torque—it will never reach the driving equipment. For, the comple- 
ment of sprags in this new Formsprag device is divided into two opposing sets 
that: instantly stops feedback from either direction, assures equalized radial 
loading, evenly distributes wear for longer life, and provides multi-contact 
surfaces for greater holding strength when high feedback torque occurs. 


When the device is mounted with the outer race in a fixed position, feedback 
is stopped by wedging of sprags between output member and I.D. of fixed 
outer race—feedback never reaches the input shaft. Yet, this new design 
permits free rotation and transmission of high driving torque in either direc- 
tion from input to output shaft. 

When used as a two-directional over-running clutch, output shaft member is 
mechanically secured against rotation and outer race then becomes the output 
member. A slight right or left rotation of input shaft disengages either set of 
sprags and determines direction of drive, over-running and backstopping. 

This versatile device can also be used for two-speed drive and reversing 
applications. By connecting a low-speed reversible motor to outer race and a 
high-speed motor to input shaft member, driving torque can be transmitted 
at two speeds or reversed. 

Here is a multi-purpose device, that not only drives, positions, over-runs 
and backstops in two directions, but also provides automatic, instantaneous 
and positive prevention of feedback from driven equipment to power source. 
It is compact, has greater torque capacity for its size and weight and permits 
higher over-running speeds than any similar device. Operation and features are 
explained in detail in a new Formsprag technical paper, send for your free copy. 


FORMSPRAG COMPANY, 23603 Hoover Road, Dept. 105, Warren (Detroit), Michigan 
Distributors in Principal Cities. 


RMSPRAG 
CLUTCHES 


Precision Power Transmission Products 








and Reverse 


Patent Applied For 












BECAUSE there is a complement of 
sprags arranged in opposing pairs, 
there is always a multiple number of 
contact surfaces engaging the outer 
race when feedback or backstopping 
conditions are present. This provides 
equalized radial loading and strong 
holding torque against even unusu- 
ally heavy feedback. 


The entire complement of sprags, which is a part of the output 
member assembly, rotates at driving speed while outer race 
remains stationary. Thus, sprags are in light contact with the 
outer race and are always in position to pick up the feedback 
load at constantly changing points on the outer race. This 
design feature assures longer life through even distribution of 
wear over entire surface of outer race. With sprags in constant 
contact with outer race, any independent movement of output 
shaft causes instantaneous locking of sprags—there is no 
backlash on output shaft. 
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Two-Direction Conveyor 
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RAWSON 
Centrifugal 
Clutches 


No-Load Motor Starts, 
Cushioned Starting of 
High-Inertia Loads, 
Overload Protection. 


FORMSPRAG 
Over-Running 
Clutches 


For Every 
Over-Running, 
Indexing & 
Backstopping 
Application 


+ 





Johnson Powder Metallurgy 


Bronze or Iron 
Bearings... Bushings... Parts 
Offer Many Important Savings 


Pre-Lubrication—The porous structure of Johnson powder metal- 
lurgy products acts as a reservoir for the lubricant, providing 
sufficient oil during operation . . . storing it when at rest. This 
feature often eliminates costly lubricating devices and systems, 
guards against neglect and assures longer operating life of the unit. 


Formed to size—The manufacturing process is essentially a 
forming and sintering operation. This eliminates machining, 
prevents scrap, yet provides accuracy at a low unit cost. Uni- 
formity of each bearing, or part, cuts assembly time to a mini- 
mum. These are but two of the many money-saving features of 
Johnson powder metallurgy bearings, bushings, and structural 
parts. Let us show you how to design your product to take full 
advantage of this economy yet gain greater performance and 
longer service life. No obligation of course. Write for litera- 
ture today. 


-  ohvmsen Bronze 
Hisyyy 


ani ) 525 South Mill Street * New Castle, Fa. 
aN Subsidiary: Apex Bronze Co., Oakland, Cal. 
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POWDER METALLURGY— ALUMINUM ON STEEL BRONZE ON STEEL STEEL AND BABBITT GRAPHITED BRONZE BRONZE— 
BRONZE OR IRON SOLID ALUMINUM CAST OR ROLLED 
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HOW to keep it simple? Don’t let the 
wide selection of stainless steel alloys 
“throw you”! 
Most of the 
alloy specs 
were developed 
to meet certain 
highly special- 
ized and rather 
uncommon 
needs. Only 1 
out of 100 
valve users can 
make practical 
use of many of 
the alloys. Ac- 
tually, just two 
or three of the 
different avail- 
able alloys will give a big majority of 
valve users all they want and need. 


You can judge DESIGN differences be- 
tween the various “makes” exactly as 
you do it with Bronze and Iron valves. 
Look them over and compare. Basic- 
ally, of course, a Stainless 
Steel valve is designed 
and constructed very 
much like other valves. 


What is left to worry 
about in addi- 
tion to Material 

» and Design? The 


JENKINS VALVES @& 


Por goo out. of 100... . 


Selection of 


_ Stainless Steel — 
© Valves can ve 


as sumple as selection 


same factors you consider in buy- 

ing ANY valves for long, dependable 

performance: Are the valves made 

merely good enough, or tu a standard 

that demands an extra-measure of 

quality? How good are the castings? 

How precise and 

perfect is the ma- 

chining? How 

rigid is the in- 

spection and 

testing during 

manufacture? 

These are the 

factors which 

specs can’t cover. 

Some of them 

you can’t see when you look at the 

valve. But you KNOW how to make 

sure they measure-up to peak stand- 

ards. You know that the name 
JENKINS VALVES 
and the famous 
Jenkins DIAMOND 
trademark have 
been the highest as- 
surance of quality 
for nearly acentury. 


de 


| of Bronze and Irgn valves 


Specify “Jenkins” as well as the metal 
alloy to assure fullest satisfaction. 
Your Jenkins Distributor has patterns 
and alloys to satisfy most industrial 
needs. Of course, they meet valve in- 
dustry specifications and the high 
standards established by leading users 
of stainless steel valves. Jenkins Bros., 
100 Park Ave., New York 


Jenkins Bros. 
100 Park Ave., New York 17. 


Send Jenkins Stainiess Steel Vaive Catalog to — 
Name & Title 
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Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





Denison and Denison HydrO!ILics istered 
trademarks of Denison Eng. bie Esco 


DENISON 


yeie)|erre 


This AUTOMATIC, truck handles 
hefty steel coil like a baby 


with smoother, safer 
DENISON hydraulic power 


FLUID POWER 


FLUID POWER for this “Skylift Giant” industrial truck—equipped 
with a special “Coil Up-Ending Attachment”— means it can easily 
heft rolls of coiled steel weighing from 10 to 40 tons. Denison 
hydraulic power pays off here in smoother, faster, safer handling. 

In leading mills, these heavy-duty trucks speed handling and 
storage without damaging coils. The Coil Up-Ending Attachment 
enters the coil’s inside diameter with a fixed ram. ..while the out- 
side is gripped by a powerful hydraulic clamp. This clamp-and- 
ram design prevents “telescoping” of coils during handling. 

Three hydraulic cylinders — powered by motor-driven Denison 
3,000 psi Axial Piston Pumps—furnish lifting and clamping pawer. 
All three cylinders are connected hydraulically in parallel, which 
results in a telescopic-cylinder action—but has the added advantage 
of retaining equal force and speed throughout the stroke at con- 
stant pressure and delivery. 

Result: Operator easily controls lowering speed at any level... 


HYDRAULI : é 
for aol ek tee and can inch the load up from extremely slow speed to maximum 


lift Giant’’ unit was 


developed by Automatic 
Transportation Co., 
Chicago—Division of Yale 
& Towne Mfg. Co. The 
“Coil Up-Ending Attach- 
ment’ is powered by 


for which the flow control is set. Safe, fast, smooth hydraulic control 
helps keep “Skylift’ trucks continuously on-the-job... handling 
extra payloads. 

Here’s the kind of job your Denison Hydraulic Specialist can 
help you do now. Call him in. See how Denison hydraulic power 


Denison Axial Piston 


hydraulic pumps. can help put more payload into your equipment. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 
1240 Dublin Road «+ Columbus 16, Ohio 


DENISON 


HYDRAULIC POWER 
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HYDRAULIC PRESSES 
PUMPS « MOTORS + CONTROLS 
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WHAT DO YOU WANT 
TO BOND TO WHAT? 


In metalworking, you can bond virtually any 
material to the same or another material with 


f, ill SCOTCH-WELD Brand Structural Adhesives. 


Carbide wear inserts, for example, can be joined 
to other metals without warpage or fracturing .. . 
magnets can be bonded without loss of magnetic 
properties . . . metals, glass, ceramics—these are 
still other materials you can successfully bond 
with SCOTCH-WELD Adhesives. 





By so doing, you eliminate the skill and control 
required in brazing and welding operations . . 
you eliminate the localized stress concentrations 
of mechanical joining and fastening, the bimetallic 
corrosion between dissimilar metals. You also 
produce smoother contours, maintain the integrity 
of structural members and increase their ability 
to absorb joint stresses. Oftentimes, inspection 
and production steps can be eliminated. 


The use of SCOTCH-WELD Brand Structural Ad- 
hesives in metalworking is a relatively new science. 
And it is one that is speeding production, cutting 
costs, improving product quality throughout in- 
dustry. For further information, write on your 
company letterhead specifying area of interest to: 
A.C.&8. Division, 3M Company, Dept. SBR-20, 
St. Paul 6, Minn. 


ADHESIVES, COATINGS AND SEALERS DIVISION 
Miianesora ]/finine ann ]/fanuracturine company 
... WHERE RESEARCH IS THE KEY TO TOMORROW 
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PLASTICS 
in Design 
Engineering 


HOW TO SAVE TIME AND MONEY 


Choose Garlock as the source for all 
your plastic needs. They’ve had years 
of experience in injection molding, 
compression molding, extruding, 
punching, machining, and grinding of 
stock shapes and intricate parts. 
“Know-how” like this enables Garlock 
to recommend and furnish plastic 
materials exactly as you need them... 
without delay and at the lowest 
possible cost. 


Garlock offers a wide selection of 
shapes and parts—regardless of size, 
tolerance, or quantity—in these engi- 
neered materials: 


Teflont TFE—contains the finest com- 
bination of chemical, electrical, and 
mechanical properties . . . chemically 
inert, outstanding electrical qualities, 
low coefficient of friction . . . with- 
stands temperatures as low as —395°F, 
as high as +500°F. 


Nylon—guaranteed bubble-free . 
has high tensile and compressive 
strength, good resistance to heat and 
chemicals, solvents, oils and greases, 
retains toughness at temperatures 
ranging from —40°F to +350°F. 


Polychlorotrifluoroethylene (C.T.F.E.) — 
colorless, non-flammable . . . offers ex- 
cellent dielectric properties, high com- 
pressive strength, resistance to chem- 
icals, low cold flow in temperatures 
from —400°F to +390°F. 


Teflon FEP—combines the exceptional 
properties of Teflon with the advan- 
tage of being easily melt-processed ... 
Delrint—offers metal-like strength and 
rigidity over a wide temperature 
range... Polyethylene—light, flexible, 
excellent electrical properties ... 
Polypropylene—lightest of all known 
materials. 


Garlock will work directly to your 
specifications or, upon request, will 
gladly assist you in product design and 
development. 


GA RLOC KH 
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For complete information contact one of 
Garlock’s 26 sales offices and ware- 
houses throughout the U.S. and Can- 
ada, or write for Plastics Catalog 
AD-171, The Garlock Packing Com- 
pany, Palmyra, N. Y. 


Canadian Div.: The Garlock Packing 
Company of Canada Ltd. 


Plastics Div.: United States Gasket 
Company 


Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


{DuPont Trademark 





TEFLON (above), NYLON, C.T.F.E., DELRIN, other industrial 
plastics are available from Garlock for a wide range of 
electrical, mechanical and chemical applications. 


WORLD’S LARGEST STOCK OF PLASTICS, such 
as this Nylon rod and tubing, is located in 
warehouses convenient to you. . . assures 
you prompt service any time, anywhere. 


DIFFICULT MOLDED AND MACHINED PARTS, like 
these of Teflon and C.T.F.E., offer no problem 
to Garlock . . . intricate shapes, thin sections, 
close tolerances are routine. 








PARTS PRODUCED FROM 


two more cases where 





provide excellent bearing properties 


MUELLER BRASS CO. 600 ALLOY 
screw machine product used in 
heavy duty farm equipment 


This heavy duty planetary pinion shaft, made as a screw part from tough “600” 
series bearing alloy, was the answer to a continuing wear problem encountered 
in the driving mechanism of heavy-duty farm equipment and big trucks. The part 
is machine produced to exacting tolerances and all necessary finishing operations 
are done by Mueller Brass Co. so the pinion shaft is ready for installation when 
received. Since “600” alloy parts have been installed, no operating failures have 
been reported and the shafts have proved far superior to the material formerly used. 


she tigy a7 


COLD-PREST 


MUELLER BRASS CO. 
ANALYSIS SERVICE 


You get sound, unbiased advice 
on the one best method of 
making your parts because 
Mueller Brass Co. is the only 
fabricator in the country offer- 
ing all these methods of pro- 
duction. An experienced 


Methods Analysis Department 
has at its command a complete 
knowledge of the advantages 
and limitations of each produc- 
tion process. This unique tech- 
nical service is your assurance 
of getting the best product at 
the best price . . . made the 
one best way! 


IMPACT EXTRUSIONS 


PLASTIC INJECTION 
MOLDING 


MUELLER BRASS CO. 
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MUELLER BRASS CO. 600 attoy 


and maximum wear resistance in tough applications 





_J CASE HISTORY 





MUELLER BRASS CO. 600 ALLOY forgings 
used in aviation air compressors 


Analyzing the job requirements of Walter 
Kidde & Company, Inc., for a main driving 
cam component to be installed in a recipro- 
cating type of aircraft air compressor, Muelier 
Brass Co. Methods Analysis Engineers de- 
cided on a forging fabricated from “600” 
alloy as the most practical method of pro- 
duction. Since the cam forms the prime 
component of the driving mechanism, it 
must have good bearing wear surfaces and 
because the compressors are used in the 
aviation industry, the cams must be com- 
pletely dependable. The close grained, strong 
forging that resists combination compressive 
and tensile stresses was the answer. 


A typical compressor takes in ambient air 
and compresses it to 3000 psi or higher. 
This high pressure air is stored in metal or 


This yoke forging is 
lightweight, yet 
strong; has excellent 
bearing wearsurfaces. 


POWDERED METAL PARTS 


PORT HURON 20, 
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SAND CASTINGS 


ded for actu- 
ts such 


fiberglas tainers until 
ation of p system Pp 
as solenoid control valves, brake valves, 
manual control valves or actuators. These 
and other pneumatic units retract the en- 
trance door, operate landing gear, wheel 
brakes, nose wheel steering systems, pro- 
peller brakes or perform other functions. 





att 





Aircraft in which Kidde compressors are 
installed include the Boeing 707, the Douglas 
DC-8, the Lockheed Electra, the Fairchild 
F-27 and various military aircraft. 


Mueller Brass Co. produces press, hammer 
or cored forgings of any practical shape 
from a few ounces to 150 Ibs. in brass, 
bronze, alumi i in 27 
standard, as well as special, alloys. 





and 


MICH 
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Aircraft air com- 
pressor equipped 
with hydraulic 
drive delivers air 
compressed to 
3000 psi at the 
rate of 6 cfm. 


Forging is part of the 
main cam, the prime 
component of a modi- 
fied Scotch-type yoke, 
which is the piston 
driving mechanism in 
the air compressor. 


FORMED COPPER TUBE 


Write today for free technical 
literature on any one or all of 
’ the seven fabricating methods. 


MADE IN USA 
10 THE Sti 
AMERICAN INDUSTRY 





BEARING TIPS 


» MEGILL 


CAMROL 


BEARINGS SIMPLIFY 
DESIGN ond PRODUCTION 


. . . add precision and reduce maintenance as 
cam followers, track and guide rollers 


MCGILL CAMROL CF Series and (sealed) scr Series bear- 
ings offer definite design, production and maintenance 
advantages over “built-up” improvised bolt and roller 
units. Stock units with integral studs eliminate the 

rocurement and assembly of components. oe are 
Baile to high precision anti-friction bearing standards 
for assured machine accuracy. A full complement of 


proper toughness to withstand shock loading. In- 
tegral seals in the scr Series lock pre-lubrication in — 
contamination out. 

In the cyr Series and (Sealed) scyr Series CAMROL 


bearings the integral stud is replaced by an inner 
ring for yoke or shaft mounting. 


Available in roller diameters from 44” to 4”; capacities 


rollers provide high load capacity in relatively small 
to 20,480 lbs. at 100 RPM. 


radial space. Specially heat treated studs provide the 


Sealed Camrol Bearings Cut Maintenance in Twin Disc Power Take-offs 


To meet the demand for a power take-off which can operate continuously for 
six months without additional lubrication, Twin Disc Clutch Company has 
produced a modified line of Power Take-Offs which use CAMROL cam fol- 
lowers. In the new Limited Attendance Power Take-Off, shown, the bronze 
throw-out collar used in the standard units is replaced with a positive clear- 
ance mechanism in the 10-inch and larger sizes. This mechanism employs 
CAMROL sealed cam followers which ride in an annular groove that is ma- 
chined in the sliding sleeve. The followers are in contact with the sliding 
sleeve during engagement and disengagement handling loads up to 800 Ibs. 
The integral seals keep the pre-lubricated bearings in dependable condition 
through long periods of time and prevent premature wear which may be 
caused by dirt and grit entering unsealed bearings. 














CAMROL CYR Bearings are Trouble-Free and Accurate 


in NATCO Machines CYR CAMROL 


BEARINGS 


The photo shows CAMROL CyR Series bearings which 
carry jig-type fixtures in NATIONAL AUTOMATIC TOOL 
COMPANY multi-spindle machines. 24 cyr bearings re- 
duce friction and provide smooth, trouble-free, and 
accurate operation in these machines. 


NATIONAL AUTOMATIC TOOL COMPANY reports that they 
have “‘never had a service report as to the malfunction 
of a MCGILL bearing.” 








LTIROL-GUIDEROL-CAMROL-CAGEROL 


engineered electrical products — 
ce Fa E b i Send for Free Bearing Catalog No. 52A for complete Data. 
\ MU 
A 


precision needle roller bearings 
McGILL MANUFACTURING COMPANY, INC., BEARING DIV., 200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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= HYDRA-DRIVES BOB 


OFFERS ALL THESE MAJOR ADVANTAGES 


HIFT TRANSMISSIONS 
from 60 to 175 h.p. 


IN FULL-POWER S 
for equipment 


ORT U1) (2) (3) 4), 


4 speeds forward and re- 
verse. All power shifted! 
Provides maximum 
horsepower to load un- 
der all load conditions. 











integral design. Torque 
converter, transmission, 
oil passages, valving and 
oil sump are in one com- 
pact housing—7%” shorter 
than comparable models. 








4/5 ENGINE SPEED 


Dual reduced speed pump 
drives. Pumps can be 
driven at engine speed or 
44 engine speed for longer 
life and increased horse- 
power to pump load. 
Single pump drive is also 
available. 











Full disconnect provides 
four combinations of split 
drive ... from torque on 
both shafts, to both shafts H 
in disconnect. F SPECIALLY 
DESIGNED 
FOR SMALLER 
INSTALLATIONS 
Rockwell-Standard’s new model Hydra- 
Drives Full Power Shift Transmission is now 
available in sizes especially designed for 
smaller installations, such as front end loaders, 
fork trucks, scrapers, crane carriers, rubber tire 
ROCKWELL ee ce oneriom tractors and military vehicles. 
Patemi Ss 63 9 one In addition, the Hydra-Drives BDB offers easier serv- 
: : icing and maintenance. There are fewer moving parts 
and bearings. The simple, rugged countershaft design 
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count to ten... 


and then 


scream 


Y 
OG HG, 


That shipment of high temperature alloys hits your receiving dock. Everything goes great. No pro- 


duction headaches. No kicks from the field. Your wife looks several years younger and the dog doesn’t 


growl at you any more. 
You reorder from the same company. Still no problems . . . except you can’t stop smiling while you 


shave. All told, you get nine separate shipments from this source. You're beginning to think high 
temperature alloy problems are the fantasies of fools. 


So you place order number ten. Same supplier. Same grade. Same everything . . . except this lot fails 
to get by the eagle eye of your inspector. You've got a real procurement problem. Schedules suffer. 
Now your wife looks twenty years older and the dog snaps at your heels and you would trade your 
favorite putter for a high temperature alloy you can count on. 


Carpenter hasn't come up with a cure for all your woes, but we have perfected a revolutionary new 
steelmaking process which minimizes variations from lot to lot. Called the MEL-TROL® process, it 
features a patented mold which reduces segregation of harmful impurities during solidification of the 
ingot. Result: you get clean, sound, tough metal from surface to centerline . . . in every bar... every 


time you order. 


Now predictable performance is yours for the asking. 


tool and die steels 
stainless steels 
electronic, magnetic and electrical alloys ba 
[a rpenter sieel Fn aaig ; 
tubing and pipe 
fine wire specialties 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Di€ision, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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MEASURING ROUNDNESS 


OF 
INSTRUMENT 
BALL BEARINGS 


By RICHARD E. AMIDON, Staff Engineer, Production Engineering Department 
New Hampshire Ball Bearings, Inc. 


Roundness of instrument ball bearings is a variable not covered 
by ABEC standards. Yet, it is an important factor in running 
quality. Since it is a very difficult variable to measure, except 
with costly equipment, most users must accept roundness 
on faith. 


Roundness can be defined as “‘equidistance of all points on a 
curved surface from a fixed center’. To measure roundness of 
a ball bearing component, therefore, you must establish its 
center and radius. However, since its center is not accessible 
as a point of reference, you must establish an “‘artificial” center. 
The closer the assumed or artificial center is to the actual center, 
the more accurate a given method of roundness measurement 
will be. 


What you're really measuring is out-of-roundness, or deviation 
from a true circle. Such deviations are called lobing. There are 
three common ways of measuring out-of-roundness. 


THE TWO-POINT METHOD 

Most widely used of all measuring techniques is the method of 
measuring various diameters between two anvils as in a mi- 
crometer or two-point gage. The difference between the largest 
and smallest diameter is out-of-roundness. This method is 
accurate only if there is an even number of lobes of equal height 
and symmetrical spacing. Notice in the accompanying sketch of 
a three-lobed shape, all three diameters are equal... and the 
two-point method would indicate perfect roundness. 


THE THREE-POINT METHOD 
When an odd number of lobes exists, a three-point gage can 
be used to measure out-of-roundness. Variations are measured 


Gis 
sai 
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HAMPSHIRE 


by rotating the part between two fixed points at a known angle 
with each other and a movable point connected to an indicator. 
This method, which calls for calculations to convert indicator 
readings to true-out-of-roundness, is accurate only when the 
number of lobes is known and they are symmetrically spaced 
and equal in height. 


ELECTRONIC GAGING 

Fortunately for you, instru- 
mentation has been recently 
developed which measures out- 
of-roundness directly as radial 
variation with accuracy to 
several millionths of an inch. 
The part to be measured is 
chuck-mounted to a precision 
spindle and slowly rotated. An 
electronic gage head translates 
radial surface variations into a 
polar chart trace with deviations 
magnified as much as 10,000 
times. Comparison of the chart 
trace with concentric circles of known radii reveals absolute 
deviation from a true circle. New Hampshire Ball Bearings, Inc. 
was the first to use this instrument as a quality control tool in 
the laboratory and on the production line. Other instrumenta- 
tion used to assure the running quality of New Hampshire 
Bearings is described in our new Design and Purchasing 
Manual. 


POLAR CHART TRACE 


NEW DESIGN MANUAL 

Newly revised and expanded, this authoritative publication 

covers everything you need to know about applying and 
buying miniature and instrument ball bearings. 
Comprehensive general information, catalog data 
and engineering bulletins are included in its 
100-plus pages. Personally registered copies are 
available to qualified engineers, draftsmen and 
purchasing agents. Please send your request on 
your company letterhead. 


NEW 
BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 


Macuine DEsIGN 
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is America's leading Technical Paper 


CLEARPRINT 


Clearprint Tracing 


Papers have served the 


Engineering and Ar 
chitectural Profession 
since 1933 and the 
oldest tracings serve 
our many friends to 
lay—as they have serv 
ed for over 25 vVears 
Clearprint papers are 
watermarked for your 
protection 


UNIFORMITY 

The Unchanging Char 
acter of Om Op Dw. 5 
PRINT Papers in 
cludes Permanent 
Transparency — Out 
standing Erasing as 
well as Handling 

Printing and Lasting 
Qualities. To the above 
we have added an ideal 
Ink and Pencil Surface 


TRANSPARENCY 
CLEARPRINT Tech 
nical Papers have re 
tained their Trans 
parency and Repro- 
duction Qualities since 
their inception in 1933 

and have served our 
many friends so well 
that almost all of 
them have remained 
on ae: 8 be a0 ek OR OR O AR 
PRINT 


ERASING QUALITIES 


INK AND PENCII 
LINES—drawn and 
redrawn in the same 
areas prove CLEAR 
PRINT’S unequalled 
erasing strength—= 
Please hold our eras- 
ed samples to the light 
and be convinced 
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PRINTING & HANDLING 
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NS SPECIAL WIRE 
KEEPS SPRINGS ALIVE 
IN 1400° BATH 


When a leading manufacturer of microwave assemblies 
and radar components was faced with a serious production 
bottleneck in a high-temperature dip-brazing operation, they 
came to National-Standard for help in solving the problem. 


CRITICAL MICROWAVE ASSEMBLIES being brazed in a 1400° 
salt bath were held together by cumbersome weights and 
intricate fixtures that frequently caused distortion or slip- 
page during the brazing operation. The solution—and a 
considerable time and money saver—was to clamp all the 
components with springs that would allow expansion of 
the various parts during brazing without distorting the 
assembly. However, conventional spring wire would not re- 
tain tension at 1400°. Once used, springs had to be discarded. 


NATIONAL-STANDARD ENGINEERS, working with the manu- 
facturer’s engineers, tested a new superalloy spring wire, 
NS-25 (L605), that proved “‘as good as new” after several 


hundred brazing operations at 1400° F. The mechanical 
stability of NS-25 spring wire insures proper expansion of 
parts during heating and maintains just the right tension 
to give mating parts good contact and perfect bond. The 
result is manufacturing that is simplified, faster and more 
precise than was previously possible. 


EXPERIENCED ENGINEERING HELP of this kind, for jobs 

requiring high-quality wire, to meet special or unique applica- 
tions, is available to 
you from National- 
Standard. Write for 
additional informa- 
tion to National- 
Standard Company, 
Niles, Michigan. 


MICROWAVE ASSEMBLIES are held togeth- 
er in 1400° brazing bath by springs made of NS-25 
wire. This special alloy wire allows rapid, precise 
brazing never before possible. 


Manufacturer of Specialty Wire and Metal Products 


sraonro) NATIONAL-STANDARD COMPANY 
Niles, Michigan 





In the DOLE VALVE COMPANY’S AUTOMOTIVE A | | c | N ar K | p - 


VACUUM SERVO CONTROL HEAD the intricate shape, 


the tubes, the gasket grooves and holes 

are all cast to size. 

This is a prime example of maximum utilization 
of the die casting process. 

The skilled and cost-conscious mechanics at 
Madison-Kipp worked closely with the valve 
designer to create a component of excellence and 
low secondary labor content. 

Please clip this ad as a reminder to contact 


us when you have die casting requirements. 


“+ @ [Z 
MADISON-KIPP CORPORATION 


210 WAUBESA STREET + MADIS®N 10, WISCONSIN U.S.A. 
¢ Skilled in Die Casting Mechanics 


¢ Experienced in Lubrication Engineering 
¢ Originators of Really High Speed Air Tools 
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The NEG’ATOR®™ Spring is a new basic mechanical component—a coiled band spring which extends many times its original size 
without the increasing force common to conventional springs. Used as an extension spring, a motor, band, clamp, or clip, this 
revolutionary new constant-force component upsets all previous spring principles by doing what springs have never done before. 





CONCEALED NEG ATOR’ SPRING 





CLAMPS COVER, ALLOWS 4 IN. MOVEMENT 


The photo, Fig. 1, shows a section of an 1-T-E Circuit 
Breaker protruding from the switchgear cubicle, with- 
drawn to the “‘test position.”’ A gap between a cut-out 
section of the compartment door and the protruding 
assembly is filled by a dust plate which fits around the 
escutcheon plate and seats against the inner face of 





the door. When the door is opened, the cut-out clears 
the escutcheon plate, leaving the dust cover at rest 

against the plate. 
The problem—how to maintain contact between 
the inner surface of the door and the dust plate. 
(continued on reverse of this page) 











TINY SPRING COIL PROVIDES 
14 IN. CARRIAGE RETURN 


Many modern mechanisms involve repeated linear travel. 
When driving force is unidirectional, the design engineer 
must, in some cases, provide a reacting force to overcome 
driving force and return the traveling device to its initial 
position. 

In such applications, engineers have found “‘no gradient” 
NEG’ATOR springs offer unusual advantages, especially in 
cases where constant force, long travel, and space saving 
are important. 

Such a case is shown in Fig. 3. This Intrafax Facsimile 
Transmitter, designed by The Western Union Telegraph 
Company, uses a constant-force NEG’ATOR spring to provide 
an unvarying carriage return force. 

As the scanning carriage travels 14 in. from its initial 
position (at right of the drum in Fig. 4) to the farthest 
point of motion (where it is located in photo) the spring 
band is unravelled from a spool on which it is coiled. The 
tendency of the NEG’ATOR spring to return to its natural 
coiled condition on the spool produces the same reacting 
force at all carriage positions. When the carriage drive is 
stopped, the free carriage is returned to its initial position 
as the spring recoils onto the spool. 

Tests indicated that an extension spring of practical size 
could not provide satisfactory force throughout the range 
of travel. Only a NEG’ATOR spring could. 





The NEG’ATOR used is made from a .004 in. x % in. x 
20 in. strip of spring steel. The spool, 13% in. long and 34 in. 
in diameter, is mounted on the transmitter frame. The 
outer end of the spring is secured to the scanning carriage. 
In specifying the NEG’ATOR spring, optimum force was 
selected for positive return action without excessive 
acceleration. 


FIG. 3. 
Intrafax Facsimile 
Transmitter. 


PUBLISHED BY HUNTER SPRING COMPANY+ LANSDALE, PENNSYLVANIA 


A Division of American Machine and Metals, Inc. 
For an additional copy of this sketchbook Circle 457 on Page 19 
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CONCEALED NEG‘ATOR SPRING... 


Fixed linkages wouldn’t work. One unit had to move 
independently of the other. Coiled extension or compression 
springs were impractical since they could not be mounted 
in the available space. 

The solution—a self-coiling, constant-force NEG’ATOR 
spring made of type 301 stainless steel, 6 in. long, .005 in. 
thick, and 1 in. wide. 

As shown in Fig. 2, two of these flat springs hold the 
dust plate against the back side of the door in three breaker 








positions and still allow the escutcheon plate to move free 
of the door. The coiled end of the NEG’ATOR spring rolls up 
against the inner side of the dust plate. The extended flat 
end is riveted to the back of the escutcheon’s face plate. 
In all three positions, the coiled end of the spring exerts 
a constant force of 2 lbs, against the inner side of the dust 
plate and holds it against the inner surface of the door to 
maintain a tight seal. In ‘addition, the wide, flat spring 
tends to hold the dust plate straight, allowing smaller top 
and bottom balance notches. Thus, NEG’ATOR springs 
provided an ideal method for solving a design problem in- 
volving limited space and low but adequate force. 





INGENIOUS ENGINEERS USE NEG‘ATOR SPRING TO SAVE $38 IN COST OF MACHINE 


Engineers at Acme Steel Company have discovered still 
another application for the NEG’ATOR spring. Using it as an 
adjustable-length strapping guide they replaced a slotted 
steel bar and saved about $38 in the cost of every Acme 
FIE semi-automatic strapping machine. 

In earlier machine models, a solid, slotted steel bar 
formed the floor of a trough in the top plate assembly and 
acted as a strapping guide. As shown in Fig. 5, the bar was 
grooved to accept protruding fingers of an adjustable back 
stop which acts as a ramp to guide straps upwards. 


[| AG. 5. 
\.Old models of 
‘~ strapping machine 
|| used solid, grooved 
bars to guide straps. 





FIG. 6. 
|. Newer models use 
+ NEG’ATOR spring 
as shown to replace 
more costly steel 


| | S¥rapping |) 


71 Tab habe | baie tf 





In newer models, the NEG’ATOR spring replaces the steel 
bar. See Fig. 6. When extended to any length up to 9 in., 
depending upon the package size, the straightened portion 
of the NEG’ATOR provides a flat surface to guide the strap- 
ping beneath the package to the curved back stop. The 
back stop guides the strapping upwards behind the package 
where it can be grasped by the operator. 

The encircling operation is completed when the operator 
carries the strap over the package and inserts it in a slot 
in the table of the machine. The strap is then tensioned, 
cut, and welded. 

The spring is made of type 301 stainless steel .010 in. 
thick and .750 in. wide. 

While not used as a spring in this application, the tension 
developed by the NEG’ATOR spring gives it the stiffness re- 
quired to guide the strapping through the open trough. 


Adjustable 
Bock Stop 


Top Plate 
Assembly 


Neg ator Spring 





HELP US NAME THIS NEW NEG’‘ATOR MOTOR 


The NEG’ATOR Motor shown in Fig. 8 has been described as the “‘slimline” motor. While 
this name expresses one particular characteristic of this design, it doesn’t quite do it justice 
and we're pretty sure it’s somebody else’s term. Can you think of a better word or combination 
of words to describe it? Here are some details— 

The NEG’ATOR spring used is stainless steel, .0033 in. thick x 7% in. wide. The spring 
is mounted on two bushings, one % in. in diameter, the other % in. in diameter. The motor 
will provide 50 turns and produces a constant torque of 6 Ib.-in. nominal. An idea of size and 
its long, nearly tubular shape can be determined from the photo. It is ideal for providing 
powerful mechanical drive in long, thin cavities—can be used in combinations, as a counter- 
balance, retriever, and in many other ways. 

We want a good generic name, not a trademark. What word—derived from its 
shape, power, or uses—would best convey fo an engineer what this motor can do 
for him? Hunter will give an 8 mm Movie Camera—the latest model with a 
NEG’ATOR motor drive to the person submitting the most apt name or combina- 
tion we can use to describe this motor. Offer ends March 31, 1960. 
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In test chambers of the U.S. Army... 


Nickel meets the torture of man-made weather 


Sometimes it’s as steaming as the 
Malayan jungle...sometimes as hot 
as the Sahara...and then an arctic 
storm blows in. Nowhere in the 
world does Nature brew up such 
changeable weather as men do in 
Philadelphia. 

Here in weather chambers of the 
U.S. Army, military equipment 
undergoes weather conditions that 
make Mother Nature seem like a 
gentle old soul by comparison. 

If you think this is tough on the 
equipment, how about the chambers 
themselves. The equipment is in 
and out, but the chamber has to 
take it for test after test. That’s why 
the designers line them with a 
Nickel Stainless Steel—Type 18-8. 
Nickel Stainless Steel can take it. 
It’s corrosion resisting in the wettest 
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atmosphere. It withstands sub-zero 
temperatures. The shocks of see- 
sawing “weather” conditions harm 
it not at all. 

Still another Nickel alloy—a 
nickel-chromium type — lines heat 
test units where temperatures get 
up over 1200°F. Another nickel- 
chromium alloy is used for the glow- 
ing heating elements. 


Make your own forecast of what a 
metal must face — Nickel and its 
alloys can help you meet the chal- 
lenge. Is it ability to meet stress, 
fatigue, heat or cold, corrosive 
atmospheres or a combination of 
these? We may be able to help you 
find the answer in Nickel. Just write. 


Weather chambers like this one designed by 
Tenney Engineering, Inc., Union, N. J., are 
lined with Nickel Stainless Steel. Notable 
installations include those at the U.S. 
Army’s Frankford Arsenal, and Sperry 
Gyroscope Company, Long Island, N. Y. 


The International Nickel Company, inc. Ico, 67 Wall Street - New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





Again, how simple this shaft becomes when you use Hyatt 
Hy-Roll bearings. It’s easy to design, quickly drawn and requires 
no costly end clamps, threads, nuts, screws or washers. That’s 
because Hyatt Hy-Roll bearings can be pressed on the shaft 
. .. to become, for your purposes, virtually a part of the shaft. 
Since Hyatt Hy-Roll races are made from case-hardened, carbu- 
rizing type steel, rather than through-hardened, they permit 
much heavier press fits without danger of cracking. 





























ALL THESE 
SOLVED WHEN 


SAVE TIME 


When equipment is being assembled you can see why 
Hyatt makes all separable races interchangeable within 
the same part number. It allows you to press an inner 
race on the shaft at one work station, then later fit it into 
any of the mating assemblies already installed in the 
housing. You don’t have to worry about matched as- 
semblies because with Hyatt Hy-Rolls selective fits are 
unnecessary. Think of the time it saves! 






































PROBLEMS ARE EASILY 
YOUR “SPECS” READ 


COMPENSATES FOR 
SHAFT EXPANSION 


Heat can be a critical factor in the choice of a radial 
bearing. When the temperature rise causes lateral shaft 
expansion, it’s safer to avoid laterally locked bearings. 
Used on a long shaft, they become misaligned, cramped, 
and overloaded when the shaft begins to heat up and 
expands laterally. 


It’s a problem you can avoid, very simply, with Hyatt 
Cylindrical Roller Bearings. In Hyatt’s design, an extra 
length, separable inner race allows the shaft to float 
horizontally. This bearing compensates for lateral expan- 
sion, automatically, without changing the bearing centers 
and without depending upon uncertain float of a bearing 
loosely fitted in a housing. The usual practice is to hold 
one end of the shaft or roll while you allow “free lateral” 
at the other end by using a Hyatt Hy-Roll Bearing with a 
separable inner race. 


Hyatt produces 10 major bearing types—four have 


wmirinenenf§ (FO) GB 
omenit FG GB 
—and two have separable outer races. iG 


The separable race can be omitted and rollers oper- 








ated directly on the shaft or in the housing bore, in 
instances where the bearing surfaces can be brought 
to suitable hardness and finish. 


For full details on selection and application 
of these bearings see Hyatt Catalog 150 or 
call your nearest Hyatt sales engineer. 


Hyatt Bearings Division, General Motors Corporation, Harrison, New Jersey 


ee Dany. ROLL BEARINGS 


IN ROLLER BEARINGS HYATT 1S THE WORD FOR [Qj RELIABILITY 
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...and where can you use it profitably? 


High-offset makes a difference! 
It’s the that lets 
combine high-reduction with strength, 


difference you 
compactness and other advantages 
you might find profitable in certain 
applications. For instance . . . 


For smooth operation—as in office 
equipment that 
must run quietly 
—high-offset pairs 
provide smooth, 
quiet tooth action. 
Because the teeth 
“wrap around” 
the you 
get continuous action—even with just 


pinion, 


one or two teeth. 


Where space is a problem—as in in- 
strumentation—the high-offset lets 
you design a more compact unit. 


Choose just the 
offset to solve your 
design problem 
with a more flexi- 
ble, more compact 5 
unit than the cor- ae 
responding worm ate 
and wheel. 
Where you need strength—as in farm 
machinery —high-offset hypoid pin- 
ions with teeth, which tend to “wrap 
around,” are larger and stronger than 
corresponding bevel pinions. 
High-offset or high-ratio hypoids 
can be cut on the same Gleason equip- 


ment that is used 
on more familiar 
spiral bevel and 
hypoid gears. You 
can also use the 
testers, 
quenching presses 
and other auxil- 
iary Gleason equipment you're using 
now. Grinders are available for appli- 
cations requiring precision finish. For 
ratios of 1:10 or 1:40 or even higher. 


same 


Get more information by writing 
for free literature. Submit your prints 
for recommendations. 


GLEASON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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Liquid Heating Guide 





How to choose electric heaters 
for liquid heating applications 


Here is condensed information to help 
you get the most economical electric 
heaters for your liquid heating design 
problem. 


Three factors generally determine which 
type heater should be used for any par- 
ticular liquid-heating application. They 
are’ the physical characteristics of the 
container, the nature of the liquid, and 
the temperature requirements. 


General Electric “screw-in” immer- 
sion heaters (a) have threaded headers, 
which make for easy and permanent 
installation in pipes, tanks and vessels. 
‘“‘Over-the-side”’ immersion heaters (b) 
hang in tanks or containers, and besides 
being portable, they are ideally suited 
for heating rubber-lined tanks, lead- 
lined tanks, tanks of wood, slate, and 
other materials which are not adaptable 
to heaters with threaded headers. 

Because some metals are subject to 
attack when immersed in certain liquids, 
G-E heaters are made in a variety of 
sheath materials so that they can be 
used for a wide range of liquids. Sheath 
materials of copper, steel, stainless steel, 
nickel, nickel-plated copper, nickel- 
silver, Inconel, Monel, cast iron and 
lead are all available. 

General Electric heaters are ideally 
suited for heating a wide range of 
liquids: water, oil, electroplating baths, 
cleaning compounds, chemical baths, 
and other fluids. These liquids can be 
circulating or non-circulating; in open 
containers, closed or pressure; vessels; 
kettles, or steam generators. Heavy 
viscous liquids, such as pitch, molasses, 
and asphalt can be heated by using a 
liquid jacket containing immersion 
heaters. 

Where extremely corrosive liquids are 


TABLE I—Water, Alkaline or Plating Baths 
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TABLE Il—Use This Table for Oil 


Amount of Oil | 
To Be Heated 





Degrees F Temperature Rise 
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to be heated, it is also often best to use 
a water jacket around the tank. Immer- 
sion heaters may be used for water 


GENERAL @@ ELECTRIC 
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heating in this type of application. 
Many times, it is easier to clamp strip 
heaters (c) or tubular heaters (d) to the 
side of the tank. 


To figure the amount of heat required 
for your application: 


1. Find the number of gallons or cubic 
feet of liquid to be heated. 


2. Figure needed temperature rise in 
degrees F. (Subtract initial temperature 
from needed temperature.) 


3. Check: either Table I or Table II 
from the nearest amount of liquid to 
the desired ‘“‘temperature rise” in the 
right-hand column. 


4. Add 4% to the figure you now have 
if there is no insulation on your con- 
tainer or tank. 


5. Divide the answer in Step 4 by the 
number of hours available for initial 
heat-up of the liquid. You now know 
how many kilowatts of heat are required 
for your installation. 


For complete information on sizes 
and ratings of General Electric heaters, 
call your General Electric Apparatus 
Sales Office or send coupon below. 


DELIVERY TODAY: Popular sizes of 
General Electric heaters are available 
today from General Electric stocks near 
your plant. 


SPECIAL SAMPLES: Your General Elec- 
tric sales engineer can advise you on 
special heating problems. If special 
heaters are required, he will provide 
samples. 


PROMPT SHIPMENT: General Electric’s 
new Industrial Heating plant at Shelby- 
ville, Indiana, is now geared to give 
excellent shipping dates on heaters for 
your production needs. Just call your 
nearest General Electric Apparatus 
Sales Office and tell‘us your require- 
ments. General Electric Company, 
Schenectady 5, New York. 


Section H723-26, General Electric Co., 
Schenectady 5, New York 


Please send GEA-6305, heating water and 
baths; GEA-6306, heating oil and GEC- 
1005, catalog of G-E Heaters and Devices. 


COMPANY... ‘ 
SRS TRE 
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DUE TO THE UNIFORM CONCENTRICITY of Republic ELECTRUNITE 
Mechanical Tubing, no machining is required in producing air 
conditioning rotor shafts at Buffalo Forge Company. Rotor 
shafts are bored at each end and plug inserted for the bear- 
ing. Because of the uniformity of ELECTRUNITE, only .015 of the 
stock is removed before the plug is pressed into the tubing ends. 


Circle 461 on Page 19 





TRULY CONCENTRIC 
ELECTRUNITE MECHANICAL TUBING 
ELIMINATES ROTOR SHAFT MACHINING 


SCROLL-TYPE BLOWERS up to 27” in diameter are mounted on ELECTRUNITE shafts, 
some up to 94” long, and designed to operate at approximately 1,110 rpm. Care- 
ful balance and uniformity of the tubing is required for high operating efficiency. 


Buffalo Forge Company, Buffalo, New York, saves valuable 
machining time by using Republic ELECTRUNITE® Mechani- 
cal Tubing in manufacturing air conditioning and ventilat- 
ing units. ELECTRUNITE in sizes of 3” to 3%” O.D., 8-gage, 
is used as shafting for the rotors of the blower system. 

Scroll-type blowers up to 27” in diameter are mounted on 
ELECTRUNITE shafts, some up to 94” long, and designed to 
operate at approximately 1,110 rpm. Small shafting will 
turn at 2,300 rpm. True concentricity of ELECTRUNITE is 
vital to high operating efficiency of these units due to the 
careful balance required in relation to the high rpm and 
weight involved. 

Republic ELECTRUNITE Tubing, carbon or stainless, may 
solve your particular production or cost problems, too. Call 
your Republic representative, or write direct. 





1. FIVE REPUBLIC METAL POWDERS give you broad spectrum coverage. 
Republic's wide range of iron and alloy powders cover all known physi- 
cal property requirements of metal part fabricators. Send for booklet, 
ADV. 1014 for complete technical information on Types G, N, S, and 
Type MS. Information on Type HS6460 is contained in booklet, ADV. 


1028. Write t , 
> eee Circle 462 on Page 19 


2. REPUBLIC COLD DRAWN ALLOY STEEL is used by a leading manufac- 
turer for one of the most critical components in their automobile starter 
drive assemblies—the drive pinion. Use of Republic Cold Drawn Alloy 


provides the necessary strength and toughness to withstand severe 
torque, impact, and prolonged wear. Write for additional information. 
Circle 463 on Page 19 

3. REPUBLIC NYLOK® FASTENERS provide secure holding power where it's 
needed most in the Twin Power Riding Mowers produced by Roberton 
Manvfacturin 3 Company, Chicago. A special nylon insert assures posi- 
tive locking, maximum holding power—even under severe vibration. The 
insert in NYLON fasteners is unaffected by age or cold, has high re- 
sistance to heat. Send coupon for additional data. 
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REPUBLIC STEEL 
Worlel Widest Range 
of Slanalard, Sols and, Ste Ppscluea 


REPUBLIC STEEL CORPORATION 
DEPT.MD -8736 
1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 


Please send additional information on the following 
products: 
OC Republic ELECTRUNITE Tubing OD Alloy Steels 

O Carbon 0 Stainless 0 ADV. Booklet 1014 


C Republic NYLOK Fasteners 0 ADV. Booklet 1028 


Name. Title 





Company. 


Address. 








City Zone. State 








BONUS FEATURES LIKE THESE 
BOOST YOUR PRODUCT PERFORMANCE 








Advanced Design—More than 800 engineers 
and technicians plus unequalled research 
and development facilities devoted to every 
phase of hydraulics assure that Vickers will 
continue to provide the finest in products 
and systems. 


“Single Line” Application Engineering— 
You can rely on top quality field assistance 
in planning any hydraulic installation be- 
cause your Vickers sales engineer is just 
that—a highly qualified engineer with 
responsibility for a single manufacturer's 
product line. 


Unmatched Field Service—No matter 
where your equipment goes to work a 
skilled Vickers service man is close at hand 
to insure that it always performs as speci- 
fied. Because he’s responsible for a single 
manufacturer's product line, he’s up-to- 
date on latest designs and techniques. 


Unified Systems Responsibility—When the 
job calls for a more complex installation, 
you don’t have to develop your own system 
by “shopping “around”. Vickers provides 
custom engineered, ready-to-go systems 
thatinvariably save you money inthelongrun. 


Hydraulic Experience without Equal— 
Nearly 40 years of experience in developing 
and building hydraulic equipment that has 
won a worldwide reputation for being 
advanced in design and reliable in per- 
formance stands behind every Vickers 
unit or system. 

















Regional Repair and Parts Stocking—Not 
only do Vickers units outperform and out- 
last ordinary designs but you have less 
downtime for maintenance too. When 
service is needed, regional service centers 
provide units tested to factory specifica- 
tions assuring peak operating efficiency. 





Most Complete Line—Because Vickers de- 
signs and builds the broadest line of top 
quality hydraulic components available 
anywhere you are assured of getting just 
what your installation requires. You don’t 
have to compromise performance in any way. 


Customer Training—Your engineers, tech- 
nicians and maintenance men benefit from 
attendance at Vickers’ hydraulic school or 
Vickers-sponsored hydraulic conferences. 
These activities plus technical publications 
help keep industry posted on the newest 
fluid power ideas. 


International Manufacturing Sales and 
Service—No matter where Vickers parts 
are made throughout the free world, they 
are completely interchangeable. Thus, you 
gain added freedom in design and manu- 
facture of your product, particularly if it is 
intended for export sale. 





Machine builders and users 





choose MICKERS. hydraulic pumps 


and valves by wide margin 


“Machinery Magazine” study shows 
Vickers leads next brand by 


4.4 to 1 in pumps, 6.4 to 1 in valves 
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Once again users and builders of ma- 
chinery have shown an overwhelming 
preference for the quality and perform- 
ance of Vickers hydraulic pumps and 
valves. In the recently completed “Ma- 
chinery Magazine Brand Preference 
Study” Vickers pumps and valves not 
only attained considerably higher 
weighted scores than the runners up but 
enjoyed even wider margins in the “first 
choice” categories (see tabulation below). 
Close cooperation with its customers— 
large and small—has_ characterized 
Vickers operations over the years and is 
reflected in this “vote of confidence” 


HYDRAULIC PUMPS 


from the field. The end result is that 
buyers of machinery have come to accept 
Vickers-equipped machines as offering 
something extra in reliability and pro- 
ductivity. 

When you specify Vickers hydraulic com- 
ponents, you get the finest hydraulic 
equipment of the most advanced design 
and more besides. Some of these extras 
are described briefly on the facing page. 
For more details on any of these or the 
complete line of hydraulic components or 
systems contact your nearby Vickers 
application engineer or write for the 
new Vickers catalog 5001. 


HYDRAULIC VALVES 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 


Machinery Hydraulics Division 
ADMINISTRATIVE and ENGINEERING CENTER 


Department 1430 


Detroit 32, Michigan 8496 


Application Engineering Offices: ATLANTA « CHICAGO «+ CINCINNATI «+ CLEVELAND + DETROIT « GRAND RAPIDS « HOUSTON 
INDIANAPOLIS « LOS ANGELES AREA (EI Segundo) « MILWAUKEE »« NEW YORK AREA (Springfield, NJ.) « PHILADELPHIA AREA (Media) 
PITTSBURGH AREA (Mt. Lebanon) « ROCHESTER » ROCKFORD « SAN FRANCISCO AREA (Berkeley) » SEATTLE « ST. LOUIS « WORCESTER 
Factories also in: Australia, England, Japan and Germany In Canada: Vickers-Sperry of Canada, Ltd., Toronto, Montreal and Vancouver 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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We tailor our sheets to fit the application 


Whether you need a steel sheet for deep-draw- 
ing, or one with a special surface requirement, 
you can count on Bethlehem to furnish just 
the right steel sheet for your needs. 

Our modern mills at Sparrows Point, Md. 
and Lackawanna, N.Y. are as finely equipped 


BETHLEHEM STEEL 


and expertly manned as any in the nation. And 
our metallurgists will work with you all the 
way. We’d like the chance to serve you. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor: Bethlehem Steel Export Corporation 
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IN YOUR SPEED CHANGING JOBS 


Get the positive, accurate control that only 
LINK-BELT’s chain-driven P.1.V. can deliver 


Yes, you put teeth into your speed changing jobs because 
Link-Belt P.I.V.—unlike other variable speed drives—util- 
izes an exclusive metal, self-tooth-forming chain. 

Here’s how it works! P.I.V. chain consists of a series 
of overlapping steel links. The links contain packs of slats 
which are free to move from side to side, singly or collec- 
tively, to serve as teeth. The chain meshes with radially 
grooved wheels, which are cut to a constant depth towards 
the wheel periphery. Beveled sides of the grooves offer 
gripping areas . . . provide a positive, nonslip contact at any 
speed, under all loads. 

Makes changing speed simple too! A turn of the control 
screw simultaneously varies the effective diameters of the 
conically shaped wheels—closing one set, spreading the 
other. At the same time, the self-tooth-forming chain auto- 
matically adjusts to provide desired ratio between the input 
and output shafts. 


BOOK 2274— Your Link-Belt office has Book 
2274 on P.I.V. drives from % to 25 hp. 
Refer to the yellow pages of your local 
phone directory under Power Transmission 
Equipment. 


(1) You can get minute speed changes and 
maintain them accurately while operating 
under full load. 


(2) All-metal, totally enclosed—unaffected 
by atmospheric conditions. All vital oper- 
ating parts splash-lubricated from a com- 
mon housing reservoir. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 

1. To serve Industry There Are Link-Belt Plants, Sales Offices and 

Stock Carrying Distributors in All Principal Cities. Export Office, 

New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 

Canada, Scarboro (Toronto 13); South Africa, Springs. Repre- 
sentatives Throughout the World. 


February 18, 1960 


(3) Basy-view speed indicator facilitates 
speed selection and adjustments to meet 
all requirements. 


(4) An infinite number of positive, stepless 
speed adjustments may be made with man- 
ual, electric, pneumatic or hydraulic con- 


ul 
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(5) Self-tooth-forming chain is made from 
a series of overlapping steel links. Links 
contain packs of hardened steel lamina- 
tions or slats (shown above). Slats grip 
toothed wheels positively without slippage 
—give the speed you need at any setting. 


we VARIABLE SPEED DRIVE 





Gasket engineering 


SEALING 


ALUMINUM FLANGES 


As heat expands aluminum flanges, gaskets often crush and 
extrude and bolt loading is reduced. New engineering research points 


Where aluminum flanges are used. . 
and particularly where they are exposed 
to alternate cycles of heat and cold... 
crushing and extrusion of gaskets and 
serious loss of bolt torque are often 
encountered. 


way to better seals on these flanges. 


E. M. SMOLEY, 


Research Physicist 
Armstrong Research and Development Center 


creasing the unit load on the gasket. 
The consequent crushing and extruding 
of the conventional fiber gaskets led to 
substantial loss of bolt torque. 

The study also turned up other data 
unique to aluminum flanges. This is the 
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This diagram shows effect on torque reten- 
tion of thermal cycling to 300° F. of gas 
keted joint with one aluminum flange and 
one cast iron flange. Torque increase from 
A to B results from aluminum expansion; 
B to C represents normal torque loss at 
constant oven temperature; C to D is loss 


To study this problem, Armstrong 
engineers set up simulated service tests 
with stock automotive transmission 
housings. These housings all have large 
aluminum members that are subject to 
wide variations in temperature, and all 
require high flange pressures. 

The initial result of the tests indi- 
cated—as expected—that the expansion 
of the aluminum had the effect of in- 


104 Please direct inquiries to odvertiser, mentioning MACHINE DESIGN 


resulting from aluminum contraction. Solid 
line is average result of tests with Accopac 
AN-890, which retains about 90% of the 
original bolt torque. The dotted line repre- 
sents average test results with conventional 
gaskets, which retain only about one-third 
the initial torque loads after cycling. 


difference between “hot” torque read- 
ings—taken while the transmission is at 
300° F. and “cold” readings, taken after 
the assembly cools. With iron or steel 
flanges, there is no significant difference 
between these readings. With alumi- 


num, however, the difference often is 
20% or more. 

The difference between “hot” and 
“cold” torque readings is a measure of 
the ability of a gasket to “follow” the 
flange as it undergoes dimensional 
change. Ideally, a gasket should show 
no difference between hot and cold 
torque readings. It should resist crushing 
under high pressures and high tempera- 
tures—and it should compensate for the 
contraction of the flange as it cools. 

Because conventional materials fall 
short of these requirements, Armstrong 
engineers set out to develop a new type 
of gasket. Their work resulted in a new 
beater-saturated asbestos material— 
Accopac AN-890. This new gasket re- 
sists crushing under pressures of 100,000 
psi at temperatures up to 350° F., and 
it has superior torque retention charac- 
teristics. 

If you have a problem with gasket 
seals on aluminum flanges, our research 
may be helpful to you. We will be glad 
to make suggestions if you will submit 
details of your problem to us. 

Much detailed information on other 
problems of gasket design, selection, 
and __ perform- 
ance is contained 
in the Arm- 
strong Gasket 
Design Manual. 
Write today for 
your copy of this 
32-page book. 
Address Armstrong Cork Company, 
Industrial Division, 7102 Dean St., 
Lancaster, Pennsylvania. 


GASKET 
DESIGN 
MANUAL 


(Armstrong GASKET MATERIALS 
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casting 


soundness 

















can be controlled 


Avoid risk of hidden defects... specify Meehanite castings 


In castings of varying sizes and sections the control of metal 
structure is of paramount importance in preventing porosity 
and deviations in physical properties. Meehanite metal’s dense, 
fine grain structure which assures casting solidity ... free and 
easy machinability . . . and consistent physical properties re- 
gardless of mass or section is achieved by patented manu- 
facturing methods quite unique in metallurgical control. 

The uniform soundness of Meehanite castings is predictable in 
advance... in every casting ... in every group of castings. 
You can depend on Meehanite to save you time and money in 





your shop and to enhance your products reputation in the field. 


Avoid the risk of hidden defects which result in high machining 
costs and time loss. Don’t take a chance on bargain prices or so- 
called “equivalents.” Specify Meehanite castings and be free 
from worry. Whatever your casting requirements, there is a 
nearby Meehanite foundry ready to serve your needs. 


For additional facts about Meehanite®, write to the Meehanite 
Metal Corporation, 714 North Ave., New Rochelle, New York, 
for your free copy of Meehanite Means Better Castings. 





The American Laundry Machinery Co., 
Rochester, N. Y. 

Atlas Foundry Co., Detroit, Mich. 

Banner Iron Works, St. Louis, Mo. 

Barnett Foundry & Machine Co., 
Irvington, N: J. 

Casting Service Corp., LaPorte, Indiana 
and Bridgman, Michigan 

Centrifugally Cast Products Div., The 
Shenango Furnace Co., Dover, Ohio 

Compton Foundry, Compton, Calif. 

Continental Gin Co., Birmingham, Ala. 

The Cooper-Bessemer Corp., 
Mt. Vernon, Ohio and Grove City, Pa. 

Crowford & Doherty Foundry Co., 
Portland, Ore. 

Dayton Casting Co., Dayton, Ohio 


MEEHANITE METAL 


Empire Foundry Co., Tulsa, Okla. 
and Bonham, Texas 
Florence Pipe Foundry & Machine Co., 
Florence, N. J. 
Fulton Foundry & Machines Co., Inc., 
Cleveland, Ohio 
General Foundry & Mfg. Co., Flint, Mich. 
Georgia Iron Works, Augusta, Ga. 
Greenlee Foundries, Inc., Chicago, Ill. 
Hamilton Foundry Inc., Hamilton, Ohio 
Johnstone Foundries, Inc., Grove City, Pa. 
Kanawha Manufacturing Co., 
Charleston, W. Va. 
Kennedy Van Saun Mfg. & Eng. Corp., 
Danville, Pa. 
Lincoln Foundry Corp., Los Angeles, Calif. 
Nordberg Manufacturing Co., 
Milwaukee, Wis. and St. Louis, Mo. 


MEEHANITE METAL CORPORATION, NEW 





Oil City Iron Works, Corsicana, Texas 
Palmyra Foundry Co., Inc., Palmyra, N. J. 
The Henry Perkins Co., Bridgewater, Mass. 
Pohiman Foundry Co., Inc., Buffalo, N. Y. 
Rosedale Foundry & Machine Co., 
Pittsburgh, Pa. 
Ross-Meehan Foundries, Chattanooga, Tenn. 
Sonith Foundries of FMC, Indianapolis, Ind. 
Standard Foundry Co., Worcester, Mass. 
The Stearns-Roger Mfg. Co., Denver, Colo. 
Vulcan Foundry Co., Oakland, Calif. 
Washington Iron Works, Seattle, Wash. 
Dorr-Oliver-Long, Ltd., Orillia, Ontario 
Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 
Otis Elevator Co., Ltd., Hamilton, Ontario 


ROCHELLE, NEW YORK 


STEEL LINES FOLD LIKE AN ACCORDION 


Typical of diverse swivel joint applications, 
newly designed Chiksan Discpak joints are 
installed on the steam lines of a platen press. 
This new type swivel joint, designed for hot gas 
and steam, allows inexpensive packing replace- 
ment without removing swivel joint from line. 


WHEN design 
DICTATES 
METAL LINES... 


SOLVE 
LINE 
FLEXING Pam 
~& 4 
PROBLEMS [iee 


vt LYKSAN ST 


Chiksan swivel joints allow metal lines to be flexed in predetermined travel 
arcs, eliminate hose rupture, reduce maintenance and replacement costs. 

Where tight bends in pressure hose make wide loops necessary, Chiksan 
swivel joints, conversely, permit compact placement of lines. When used 
with hose, Chiksan swivel joints shorten hose lengths and also lengthen 
hose life by minimizing tight bend and torsional fatigue. 

Chiksan swivel joints are available from stock in a wide range of materials, 
temperatures, and pressures to meet practically every design requirement. 
Chiksan swivel joint packing units are designed for specific services. For 
example, packings have been developed to efficiently handle non-inflammable 
hydraulic fluids. Write today for catalog and name of nearby sales engineer. 


A SUBSIDIARY OF FOOD MACHINERY AND CHEMICAL CORPORATION 


e 


Well Equipment Mfg. Corp. (Division), Houston 1, Texas « Subsidiaries Chiksan Export Company « Chiksan of Canada Ltd 


= CHIKSAN COMPANY-BREA, CALIFORNIA * CHICAGO 5, ILLINOIS - NEWARK 2, NEW JERSEY 








LONG SERVICE LIFE > 
Chiksan swivel joints 
deliver years of service 
with only occasional main- 
tenance attention. All-steel 
hydraulic lines on Flash- 
Butt welder, shown at 
right, allow lines to shift 
as machine is adjusted to 
handle various work. 
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NO HOSE BURST DANGER HERE... 

Critical lines take on a new measure of safety with all- 
steel flexible units replacing pressure hose. These 
all-metal swivel jointed lines shown on a die casting 
machine above, eliminate damaging hose ruptures, and 
reduce fire hazard, fluid loss and setup time by 75%. 


NO LIMIT ON LINE DESIGN 


Free swiveling action in 1, 2 
and 3 planes permits design 
of compact lines to meet any 
requirement. This overhead 
line in service at a water 
softener regenerating plant 
permits shift from one setup 
of tanks to another for faster 
handling of tank regeneration. 


CHIKSAN COMPANY 
330 NORTH POMONA AVENUE, BREA, CALIFORNIA 


Please send me copy of your latest catalog 


PRESSURE? TEMPERATURE? CHIKSAN MEETS 
THE NEED... 

Over 2,000 different types, styles and sizes in a variety 
of temperature and pressure ratings are available to 
meet your design needs. This plastic injection molding 
machine, above, uses two different sizes of Chiksan 
swivel joints on its hydraulic lines. 


—— ry: 
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TROSTEL 


A complete producing organization for 
¥OIL SEALS “PACKINGS “O-RINGS 





TROSTEL My, 


LABORATORIES 


Trostel Aviation Co ine 


LACE GEWENA WIS, 


TROSTEL RUBBER 
COMPOUNDING PLANT 


Quality in every phase of supply and manufacture is assured 
through Trostel ownership of all essential facilities 


From raw materials to finished product, all key sources of supply and manu- 
facture are Trostel owned and operated. Leather is tanned at the Trostel Tannery. 
Rubber is compounded at the Trostel Compounding Plant. Dies are made at 
the Trostel Tool and Die Works. Three separate Trostel Laboratories conduct re- 
search in leather, impregnations, and synthetics. A pilot plant tests all production 
runs. When, therefore, parts and materials arrive at the point of manufacture 
into seals and packings they are uniformly standard in specifications... Manu- 
facture itself is by automatic machinery in a modern plant, with a quality control 
system that insures close-tolerance accuracy in all operations. Special delivery 
and service are provided by Trostel Aviation . . . we can come to you quickly, or 
bring you to us. 

Trostel control of its products from raw materials to delivery is your guarantee 
of dependably high quality at all times, on every order. For catalog and technical 
data, write Albert Trostel Packings, Ltd., 600 Madison St., Lake Geneva, Wis. 
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Bork Mis 3 Se Ee iy aes 


Custom made for rugged service 


Big-job earth moving is a slamming, bruising, round-the-clock 
business that plays hob with construction machinery. Only the best 
custom-designed equipment can take the brutal punishment. 
And only the finest, toughest seamless tubing can come up smiling 
in this rugged service. Custom quality Ostuco Tubing stands the 
gaff . . . fills the bill order after order. 
If you’re now compromising with stock tubing, consider all the 
advantages of custom quality Ostuco Tubing. Consistently you 
receive the exact tubing you want—the size, length, grade—with 
the strength and tolerances you need. For machined parts, you get 
our recommended rough size guaranteed to clean up. 
With all these advantages, custom quality Ostuco Tubing is 
obtainable in small minimum quantities—as little as a few hundred 
feet. Contact your nearest Ohio Seamless representative, or the 
plant at Shelby, Ohio—Birthplace of the Seamless Steel Tube Complimentary Copy of ned Gulletie 
Industry in America. A-12824 CSE) “Ostuco Steel Tubing” sent on 
Scale model illustrated built to 3.5 mm scale. request. 


OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company * SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing * Fabricating and Forging 
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OPERATION READOUT 


7 
/ 


This Veeder-Root Counter went to outer space in an 
Army Juiter missile nose cone, logging vital data on 
the Monkey “Able” experiment, 





ae 
oy 


a 


— One of a Series 


Veeder-Root Electromagnetic Counters give both a 
continuous and totalized report on tolerances, for this 
recently developed Taft-Peirce automatic gaging sys- 
tem. Eight different sets of dimensions are recorded. 


The “Head for Figures” is this famous Veeder- 
Root Computing head for gasoline pumps, 
used the world over. It typifies advanced 
applications of readout and automatic control. 
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Counts 


Veeder-Roo 


Veeder-Root Counters of the Month 


New! 360° Tape-Type Bearing Counter 
was developed to provide digital readout of 
angular relationship. Tape greatly reduces size 
and weight over conventional devices. Adapt- 
able to many indication requirements. 

Series 1591 Quick Reset, High Speed Mag- 
netic Counter is designed for accurate, depend- 
able remote indication of machine operation, or 
for counting at high speed. Speed: 3000 cpm, 4 
or 6 figures, manual or electrical reset. 


From. outer space to the local gasoline 
pump, Veeder-Root helps communicate im- 
portant information. How much? How often? 
When? How fast? Where? How long? Which 
direction? What position? . . . all these ques- 
tions are answered easily, simply, quickly and 
directly through Veeder-Root’s concept of 
digital communications OPERATION 
READOUT. 

Operation Readout helps you take full ad- 
vantage of the newest and most advanced 
counting techniques. It is based on modern 
uses of Veeder-Root Counting devices, from 
the simplest type of ratchet counter to the 
most sophisticated designs of Remote Data 
Readout, Navigational Counters and Com- 
puter-Blender Pump Controls. Through these 
counters, digital communication and control 
can provide important advantages in speed, 
accuracy, human engineering, comprehension 
and operational control. 

Veeder-Root’s ‘‘Operation Readout’”’ 
can help you, now! Whatever your indica- 
tion, readout or counting problem, Veeder- 
Root offers a century of experience in 
counting engineering. There are over 400 
specific models in stock, ready for prompt 
shipment, or a special counting or read- 
out device can be developed for your ap- 
plication. Contact your nearest Veeder- 
Root Counting Engineer or write direct. 


VEEDER-ROOT, HARTFORD 2, CONNECTICUT “THE NAME THAT COUNTS” 


New York * Chicago « Los Angeles * San Francisco * Seattle * St. Lovis * Greenville, S.C, ¢ Altoona, Pa. * Montreal « Offices and Agents in other principal cities 
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a numane for machine builders 


In their 100 years of pump progress, Ing- 
ersoll-Rand has established a reputation 
for solving liquid movement problems for 
machine builders. Famous I-R engineering 
is unmatched anywhere . . . whatever 
your design requirements for mounting, 
flow or pressure, there are thousands of 
models and types to choose from . . . or 
we'll make one to suit your most 


exacting need. 


Why not check with the world’s foremost 
centrifugal pump builder regarding your 
pumping problems. You can get complete 
details from the pump specialist at your 
nearby I-R branch office—or direct from 


our New York headquarters. 


of pump progress 


from the leading manufacturer . . . 


ou Ingersoll-Rand 


cates ts Tk SP dee 11 Broadway, New York 4, N. Y. 


deliveries to 425 gpm, 
heads to 170 ft. OTHER I-R PUMPS AVAILABLE 


Self-priming Motorpumps Cradle mounted Horizontally split 
pumps pumps pumps 
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DU PONT IMPROVES 


VITON 


SYNTHETIC RUBBER 


© NOW GIVES TWICE THE SERVICE LIFE AT 600°F. 
¢ OFFERS GREATER RESISTANCE TO CHEMICALS AND SOLVENTS 


Viron’s remarkable resistance to heat and fluids has al- 
ready improved performance of components for appliances, 
autos, aircraft and many types of industrial equipment. 
Now the ability of this new synthetic rubber to withstand 
heat and chemical exposure has been extended to even 
greater limits. Here are some of the properties of the new 
high-performance grade, now commercially available in a 
wide range of products. 


Improved resistance to heat aging— When oven-aged in 
air at 400° F. or less, Viron vulcanizates now remain use- 
fully elastic for indefinite periods. At higher temperatures, 
they can be expected to remain usefully elastic for more than: 


3000 HOURS @ 450° F. 
1000 HOURS @ 500° F. 
240 HOURS @ 550° F. 
48 HOURS @ 600° F. 


Improved resistance to fluid exposure—VITON now has 
better resistance to nitric acid, glacial acetic acid and 





hydrochloric acid, as well as to certain aromatics and 
diester lubricants. Its proven resistance to a wide variety 
of oils, solvents, fuels and chemicals remains unequalled 
among synthetic rubbers. 


Complete information—Learn more about VITON, and 
how it can improve the products you make and use. Tech- 
nical literature just published will give you all the facts. 
Write to E. I. du Pont de Nemours & Co. (Inc.), Elastomer 
Chemicals Dept. MD-2, Wilmington 98, Del. 


SYNTHETIC RUBBER 


NEOPRENE HYPALON® VITON® ADIPRENE® 


REG. yu. 5, paT. OFF 


Better Things for Better Living . . . through Chemistry 





Hardness: 60 to 95 durometer on the Shore A scale. 


Tensile strength: 2000 to 3000 psi. at room temperature, 
with elongation from 100% to 400%, depending on hard- 
ness; at 300° F., tensiles of 300 to 1000 psi., with elon- 
gation from 80% to 200%. 

Compression set: Viton vulcanizates recover to within 


90% to 97% of original dimen:.ons when compressed 
25% and held at 250° F. for 70 hours. 


Low temperatures: Specimens 0.075 in. thick have a 
Young’s modulus of 10,000 psi. at —20° F. and a brittle 





OTHER IMPORTANT PROPERTIES OF VITON 


point of —47° F. A 0.010 in. thick coating of Viton on 
wire did not crack at —90° F., when bent around a man- 
drel 10 times the diameter of the wire. 


Ozone and weather: V:Ton has withstood 28 days in 100 
ppm of ozone, without a crack! After twelve months’ ex- 
posure to direct Florida sunlight, it still remained in 
perfect condition. 


Electrical: Typical values—DC resistivity of 1.4 x 10! 
ohm-cm; specific inductive capacity of 8.53; power factor 
of 2.5%; dielectric strength of 412 volts/mil. 
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OPERATE ANY SLIP STEM OR ROTARY STEM VALVE 


Mi 


OPERATE ALL INDUSTRIAL TYPE DAMPERS 


positioning for industrial valve 


and damper applications New Honeywell 


ACTIONATOR* heavy-duty electrical control motors 


Use these compact, powerful new industrial motors in 
dairies, breweries, water works—for ovens and cooling 
towers—wherever highly accurate modulating or two- 
position control is required. 

Some models operate vertical-acting stem valves hav- 
ing lifts of from Y% to 1% inches. The double-ended 
shaft can also simultaneously operate rotary stem valves, 
butterfly valves and other devices through suitable link- 
ages. Other models operate rotary-shaft type valves, 
dampers, louvers and other final control elements. 

ACTIONATOR cortrol motors are available with 
two-position, floating or proportional control, and with 


*Trademark 


th 
“PiGMBEERING THE FUTURE 


YEAR 


See us in Sweet’s 1960 Product Design File, Section 5b-Min, 
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a variety of speeds from 7.4 to 120 seconds full-stroke 
operation. Torque ratings range to 200 inch /Ibs. 


Additional features include built-in linkage and strain 
relief, a mounting yoke and enclosed terminals with 
gasketed housing to meet JIC specifications. Also avail- 
able are models that include cam-operated internally 
mounted switches for a variety of sequencing switching 
purposes. 

For complete information, call your local Honeywell 
office. Or write Minneapolis-Honeywell, Dept. MD-2-54, 
Minneapolis 8, Minnesota. In Canada, Honeywell Con- 
trols Limited, Toronto 17, Ontario. 


Honeywell 
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HARD TO HANDLE 


chemicals, fuels, 
and solvents 





Special materials 
to tame tough fluids \! 


Handling volatile and chemically reactive liquids is a critical 
problem requiring very selective use of materials in the man- 
ufacture of component parts which control, meter, pump or 
contain these liquids. Tough corrosive problems, as well as 
great extremes of temperature must often be overcome. 


Among the many strategic materials, Chicago-Allis designs 
and custom molds into component parts for O.E.M. custom- 
ers, are the fluorocarbons (DuPont’s Viton-A, Dow Corning’s 
LS-53 and 3M’s Flurel) specialty synthetic rubbers, and 
impregnated leathers. Parts made from these materials pro- 
vide the resistance and durability needed for manipulation 
of jet fuels, high octane gas, diesel and heating fuels, com- 
mercial solvents, chemicals and many other fluids used in a 
wide range of industries. 

SINCE 1889 


Chicago-Allis has the experience to design \\SE) \elie 
and manufacture mechanical seals, cus- ; 

tom molded rubber and leather products 

for use in a wide range of service condi- 

tions and environments. Extensive pro- 

duction, experimental and engineering fa- 

cilities are always at your disposal to help 

with your component parts requirements. 

Send for complete catalog information. 
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VITON-A ON NYLON 
DIAPHRAGM 


VITON-A 
SHAFT SEAL 


LS-53 ON DACRON 
DIAPHRAGM 


SILICONE FACE SEAL 


SILICONE TREATED 
LEATHER PACKING 


; VITON-A 
| FLAP VALVE 


\ 


VITON-A 
POPPET VALVE 


FLUREL ON DACRON 
DIAPHRAGM 


CHICAGO-ALLIS MFG. CORP. 


Producers of CHICAGO BELTING - ALLIS RUBBER - ALLIS SEAL Products 





ACTUAL SIZE 


This stator casting of Alnico V— 
12” O.D. x 7” LD. x 3” wide— 
is one of the largest ever made; 
helps power modern radar. 








ACTUAL SIZE 


By comparison, here is a very 
small permanent magnet. “Minia- 
tures” such as this serve many 
purposes; lend themselves to a 
wide variety of new applications. 








How G-E permanent 
magnets 
help power everything 
from toys 
to radar systems 


Magnetic Materials Section reports on the 
new range of permanent magnet sizes 
... and on what it means to motor design 


Shown here, in actual size, is one of the largest 
single-piece permanent magnets ever cast. It is a 
vital component in today’s most advanced radar 
systems. 

Also shown is one of the smallest permanent 
magnets on the market. It helps power a toy motor. 

These General Electric magnets illustrate a 
growing trend in motor design . . . the replacement 
of motor wound fields by permanent magnets. 

There are many reasons for this trend. Increased 
power is one of them. Permanent magnet power 
is constant and reliable. It requires no outside 
excitation or external regulating equipment. Per- 
manent magnets cost less; reduce weight and 
space; have long life. 

Little wonder that General Electric permanent 
magnets are becoming a big factor in motor design. 
Whether your present interest is in motors, gen- 
erators, controls, magnetic separators, or holding 
devices, there’s a G-E permanent magnet that can 
cut costs, weights, and space—give you better 
performance, too. 

For further information—or for the assistance 
of a General Electric engineer—write: Magnetic 
Materials Section, General Electric Company, 7826 
N. Neff Ave., Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@) ELECTRIC 


CARBOLOYa CEMENTED CARBIDES 
MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS 
THERMISTORS © THYRITE® * VACUUM-MELTED ALLOYS 
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Many industry leaders in iron, steel and aluminum 
fabrication are already employing AMCHEM 
AUTOMATION to provide unmatched product pro- 
tection and gratifying production savings to these 
products—aluminum siding, appliances, venetian 
blinds, fluorescent lighting fixtures, aluminum sign 
blanks, steel office furniture, automotive trim, alu- 
minum windows and doors. Give your product the 
same protection, the same kind of savings — with 
AMCHEM AUTOMATION! 
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concept in chemical conversion coatings 
assures you constant, uniform quality, 
actually saves you money! 


AMCHEM AUTOMATION means new standards of protection for your metal prod- 


ucts with actual black-and-white savings in time and money you can’t afford to ignore! 


AMCHEM AUTOMATION takes the human element out of your conversion coating 
processing —replaces it with 100 percent electronic line control that virtually assures you of constant, 
uniform quality. Rejects due to faulty bath control plunge to new lows. Product assembly moves 
faster through inspection as AMCHEM AUTOMATION guards quality round-the-clock! 


AMCHEM AUTOMATION releases quality control personnel to other duties, builds 
employee morale and pride in their work. AMCHEM AUTOMATION watch dogs chemical replen- 
ishment—bath is never overloaded or under strength. You reap big savings in time, labor 
and chemical costs! 


AMCHEM AUTOMATION can be yours right now for metal pre-treatment and pro- 
tection on a variety of fabricated products. Just say the word, we’ll have an Amchem Automation 
Coordinator—a specialist in electronic line control—fill you in on all the time, money and 
labor saving details! 


> AMCHEM PRODUCTS, INC. 


(Formerly American Chemical Paint Co.) 
First in automated chemical conversion processing 
AMBLER, PA. ¢ Detroit, Mich. ¢ St. Joseph, Mo. ¢ Niles, Calif. * Windsor, Ont. 


Amchem is a registered trademark of AMCHEM PRODUCTS, INC. 
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VINYL-METAL LAMINATES 


IN DESIGN 








The physical characteristics of 
CLAD-REX, vinyl-metal laminate 


The use of vinyl-clad metals is growing 
rapidly. The type and variety of vinyl- 
clad metals is increasing also. Although 
the various vinyl-clads compete for at- 
tention, they are not alike. Nor do they 
deliver similar advantage. 

Therefore, your vinyl-clad metals 
data file should be assembled with 
care. Know exactly what you are con- 
sidering, when to use it, and how. 

At present there are two basic types 
of vinyl-clad metal available. One is 
a plastisol which is roller coated or 
sprayed on the metal substrate in liq- 
uid form. The other is a calendered 
vinyl film which is laminated to the 
metal substrate. Various levels of qual- 
ity exist within both areas. However, 
the laminated type generally offers 
substantially broader advantage to the 
user than the plastisol—primarily with- 
in the areas of styling. 

Because the characteristics can ob- 
viously vary in degree with the gauge 
of metal and film as well as texture 
and pattern of film, the following tabu- 
lar data must be considered as typical: 


Results of Physical Tests 





| Properties of| Properties of 
Film (8 Mil) Laminate 


4400 psi 


Characteristic 





Ultimate Tensile |Tensile of 
|Supporting 


Metal 


|Elongation of 
|Supporting 
|Metal 
a | 
| 
| 


Ultimate Elongation) 170% 


910 Ib. in. |Dependent on 
Metal Gauge 


Tear Strength 


Bend Brittle,'4” rod; —5° C. 


Reverse Impact Tears 120 in.—Ibs. 
Heat Deformation at) 32% 
120° C. 


2000 g. load 


30% (1 side) 


4.6% with |0.6% 
cal. grain 


Shrinkage 5 min, 
at 250° F. 
1 1.6% None 


cross 
cal. grain 











The corrosion resistance of Clad-Rex 
vinyl-metal laminate 

The poly-vinyl chloride film used in 
Clad-Rex offers unusual resistance to 
chemicals. It will withstand acids, al- 
kalis, alcohol, household detergents, 
salt water, industrial liquids, petro- 
leum and corrosive atmospheres. 


120 


Results of Corrosive Tests 





VINYL-METAL 


Ranet LAMINATE 


| PHENOLIC | ALKYD 





Days Exp. Result 


Days Exp. Result Days Exp. Result 





10% Sulfuric Acid 17 OK 


Failed Failed 





10% Nitric Acid OK 


Failed Failed 





10% Hydrochloric Acid OK 


Failed Failed 





“40% Acetic Acid OK 


Failed Failed 





10% Lactic Acid OK 


Failed Failed 





10% Formaldehyde 


Swelled 


Failed Failed 





“10% Caustic Potash OK 


Failed Failed 





Distilled Water OK 


Yi YI NIN) YIN, N) 


Failed Failed 





Mineral Oil OK 


17 OK OK 


— 
~ 














"Ethanol 17 


SI. Shrink 

















17 OK 17 OK 





The durability of Clad-Rex 
vinyl-metal laminate 
Although the sales appeal of unlimited 
styling is a major factor, perhaps the 
most important advantage offered by 
Clad-Rex vinyl-metal laminates is their 
durability. Clad-Rex is practical to fab- 
ricate. It can be processed in almost 
as many ways as any unfinished sheet 

metal—including deep-drawing. 


Results of Abrasive Tests 





Mils | Total | Revolutions 
Film | Revo- | Per Mil Film 
| Thick) lutions| Thick.* 


Coating 





Vinyl-Metal mee | 8,430 | 2,108 


Vinyl-Metal Laminate | 8.5 |17,156| 2,100 


1.25 | 1,204} 1, 
1.70 | 
| 


Phenolic 000 
Urea-Alkyd 


: noe oe tear ras i 
Vinyl Lacquer 2.0 1703-954 


51 
Coating Ave. o0t-477 





*Abrasion resistance determined with a Taber 
Abrader using a CS-10 wheel. 











The cost advantage of Clad-Rex 
vinyl-metal laminate 
As a purchased material going into a 
users plant, vinyl-metal laminates cost 
more than unfinished or some other 
prefinished metals. But, most impor- 
tant, end products made of Clad-Rex 


generally cost less! The reasons are 
worthy of close examination: 


1. Parts made of Clad-Rex require no 
further finishing. This means a savings 
in original equipment (including main- 
tenance), finishing material, factory 
floor space, labor, handling, etc. 


2. The abrasion resistance of Clad-Rex 
substantially reduces and often elimi- 
nates rejects. This means a savings in 
rejected products, handling and expen- 
sive reworking activities. 


A source of engineering and 
manufacturing service for you 


Clad-Rex interest in helping you ex- 
tends into your own plant. A Clad-Rex 
Fabricating Engineer is provided to 
show your production people how easy 
it is to process Clad-Rex. 

Furthermore, Clad-Rex operates a 
fully staffed and equipped research 
laboratory. Its facilities are devoted to 
customer service as well as improving 
Clad-Rex itself. 

Write and describe your product. 
See how Clad-Rex can work its broad 
effect on industrial design, engineering 
and selection of pre-finished metals in 
your product. 


VINYL-METAL LAMINATES BY CLAD -RES DIVISION OF SIMONIZ COMPANY 
2113 Indiana Avenue ¢ Chicago 16, Illinois 
Telephone: Victory 2-7272 5BR 
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DEVELOPMENT 

Production line Vickers hydraulic motors have been 
operating on hot gas for over 2 years. Units have run 
on gases as hot as 2300°F without modification. 

The present flight hardware was built and tested 
after an intensive prototype development effort. Test 
program motorpumps have accumulated over 100 
runs each for 1 minute of operation cycle. Since the 
current development program is aimed at meeting 
known APS requirements, no limits have been estab- 
lished on the operating cycle duration for this type 
of equipment. 


CONCLUSIONS 

Performance and reliability goals for this concept 
have been met successfully. A complete hot gas APS 
package in the 2 - 8 horsepower range, shown above, 
is available within 90 days. Customer specifications 
for these and larger systems are invited. Write for 
Bulletin A-5223B. 


FIGHT HARDWARE” 


APPLICATIONS 

Because of the increasing scope of APS applica- 
tions, Vickers conducted a series of studies to estab- 
lish criteria for APS selection. Recent study results 
(published in March, 1959) indicate that for short 
duration operation, hot gas motors offer the best 
weight advaritage in the 1 to 30 hp range. See curve 
below. 

Attractive reliability and early delivery resulting 
from extensive use of proven hardware may extend 
the application of these systems to an even greater 
range of second and third generation missiles and 
spacecraft. Additional advantages include: low speed 
equipment (up to 10,000 rpm), convenient ground 
checkout, growth potential, and no alert time required. 


OPTIMUM WEIGHT NON-PROPULSIVE POWER SYSTEMS 


AERO fica ater ty DIVISION 


IN ¢ 


re | ¢ F fs’ T "ED 
DETROIT 32, MICHIGAN 


division of: 


SPERRY RAND CORPORATION 
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Designers think of R/M first for asbestos, rubber, 


Circle 483 on Page 19A 
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NOW! R/M Vee-Flex 
Packing Rings 


and R/M Piston Cups 


of Teflon’-impregnated 
ashestos fabric 


..- for temperatures to 500°F 
. + for all hydraulic fluids 


Check these important advan- 
tages never before possible: 


1. Minimum thermal expansion and 
plastic flow 


. Superior extrusion resistance 


2 

3. Broad chemical resistance 

4. First V-ring packing capable of 
constant low coefficient of friction 
without aid of lubrication 


. Permits operation at tempera- 
tures of 500°F—under certain 
conditions to 650°F (elastomer- 
type V-rings are limited to 300°F) 

. High or low pressures are handled 
with one type of material 


The first molded hydraulic and pneumatic 
packings to outperform all elastomer 
V-rings and piston cups 


*Du Pont trademark 


PACKINGS 


Get more information about these self- 
sealing, self-adjusting rings and piston cups. 
Ask for booklet P-8907. Packing Division, 
Raybestos-Manhattan, Inc., Passaic, N.J. 
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sintered metal, 


CX MOLDED V-BELT 


Outlasts Other Belts 8-1 


The Only Belt of its Kind... 
Fully Molded, Completely Jacketed 
Notched V-Belt 


Ideal for small sheave diameters, 
short centers, high speeds 


Micro-positioned strength member is supported in a “Power Arch” 
and locked into a homogeneous molded unit for perfect balance, 
cool, quiet, vibrationless operation. Locked-in length stability. Fully 
covered; prevents flex-cracking; maintains shape. Completely pro- 
tected from atmospheric conditions; no ply separation; less wear on 
grooves. Let R/M rubber specialists work with you on V-belts, trans- 
mission or conveyor belting, rubber hose, molded or extruded parts. 


RUBBER 


Write today for free booklet shown: full details on a wide variety of 
industrial rubber products. Manhattan Rubber Division, Raybestos- 
Manhattan, Inc., Passaic, N.J. 


and engineered plastic products 


Now you can do even more with 
TEFLON—made bondable by RIM 


Time was, you’d often rule out “Teflon” where it was sorely needeu, 
simply because you couldn’t make it adhere to anything. 

But not now. R/M has a process that makes “Teflon”’ easily bond- 
able to other materials and to itself with commercial adhesives. Now, 
when designing with “Teflon,” you don’t need to include elaborate 
and costly fastening methods. 

R/M can supply “Teflon” sheets, tubes and tape with bondable 
surfaces where you specify them. Thus you can use the unique com- 
bination of electrical and chemical properties of “Teflon” without 
worrying about how to make it stay put. In fact, you can take ad- 
vantage of bondability and nor-bondability in the same R/M “Teflon” 
part. 

A lot is happening in “Teflon” daily. To keep up with it, talk 
“Teflon” with the R/M man and learn of R/M’s complete “Teflon” 
service that can help you cut costs without cutting corners. 


PLASTICS R 5 


For a copy of this booklet, full of information on R/M’s complete 
line of “Teflon” Products, write Plastic Products Division, Raybestos- 
Manhattan, Inc., Manheim, Pa. 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. « Bridgeport, Conn. « Manheim, Pa. « Paramount, Calif. « No. Charlestown, S.C. 
Crawfordsville, Ind. « Neenah, Wis. « Peterborough, Ontario, Canada 
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New “Taylorite’” 
is a veritable 


workhorse 





Improved Vulcanized Fibre has 

new flexibility, new uniformity, 

new structural strength to fit it to 
even broader application in many fields 


There has been a big change in Taylor Vulcanized Fibre, including the 
name. New processing equipment and atmosphere-controlled storage 
facilities have enabled us to make major advances in overall uniformity 
—from lot to lot and at no increase in cost to you. Taylorite has wide 
use as an insulating and structural material for electrical and electronic 
applications. But it is being put to service in many other ways, too. A 
good example is choice of Taylorite as kick-back plates in bowling 
alleys. Here it must withstand the constant pounding of flying pins 
without structural breakdown or damage to the pins. And it is doing 
its job perfectly. 

Find out how new Taylorite Vulcanized Fibre can help improve your 
products and cut costs. Send for samples. Test them for yourself. Put 
them under tension, flex them, compress them, form them. You will find 
that Taylorite passes your severest tests with flying colors. Write for 
Data Sheet 2-0 and samples today. Taylor Fibre Co., Norristown 47, Pa. 


KICK-BACK PLATES of Taylorite give good pin action, prevent pin damage 


“"“[2 83 SSSSEee © 
Seeegeuseucn: 


lor 


LAMINATED honk VULCANIZED FIBRE 
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KEYSTONE WIRE... 
DUDEK & BOCK 


turn an idea into a reality 


“We need a clip that will securely fasten gypsum 
board to steel upright studs—or join and hold sev- 
eral sections of board in perfect alignment for 
plastering. Here’s what it must look like.” 

This is the challenge. Designers at Dudek & 
Bock, Chicago, Illinois, roll up their shirt sleeves. 
They analyze wire requirements: tensile, uniform- 
ity. Length of run—a long one. Delivery—soon. 

What wire fits these requirements? Keystone 
Silver Brite Galvanized high tensile wire is first 
choice. They know from experience they can de- 
pend on Keystone wire to perform exactly as cal- 
culated—order after order—run after run. By 
standardizing on Keystone wire for the majority 
of their needs, Dudek & Bock simplify quality con- 
trol and manufacturing problems. They regularly 
use a wide selection of Keystone wire to meet their 
forming and spring requirements—this includes 
low and high carbon wire, brite and galvanized. 

Result: Another fastener problem solved with 
wire ... delivery on schedule of this gypsum board 
clip and thousands of other items . . . and maximum 
customer satisfaction. 

Perhaps creative imagination and Keystone 
wire can help you build your products faster, bet- 
ter, at lower cost. A Keystone cold heading or wire 
forming specialist is available to help you. 


Keystone Steel & Wire Company, Peoria, Illinois 


KEYSTONE 


WIRE FOR INDUSTRY 











When 
tubular parts 
must meet 


unusual “specs’’— 





Zeck ROCKRITE Fesine 
_ 


How really impossible are your tubular part requirements? 
For example, a nine-foot casing for delicate oil well test instru- 
ments demands I.D. straightness no more than .003 ins/foot, 
minimum yield of 120,000 psi and exceptional tolerance—all 
in 35g-inch tubing. ROCKRITE delivers the solution—just 
as it does regularly (in another application) for nuclear re- 
actors. Here, lengths up to 60 feet, in zirconium, are produced 
with defect-free I.D. and O.D. surfaces. Other special tubing 
shapes easily achieved with the ROCKRITE Process include: 


RIBBED TUBING — illustrates ability 
to work in rare metals and non- 
symmetrical configurations and 
eliminate machining and waste of 
expensive stock. 


SAE 52100 STEEL—close tolerance 
and improved machinability for 
high speed production of anti- 
friction bearing raceways. 


STEP-TAPERED TUBING—for struc- 
tural members of wings and other 
highly stressed aircraft parts. 
Guaranteed defect-free quality. 


SPECIAL BORE TUBING — bore 
shapes available: square, triangu- 
lar and hexagonal, with very 
slight radius corners. 


Full details, of critical interest in solving your 
tubular parts problems, in Technical Bulletin SP-7. 
Write for your copy today—no obligation. 


A SUBSIDIARY OF AMERICAN METAL PRODUCTS COMPANY 


MAILING ADDRESS: P.O. Box 959M, Passaic, New Jersey 
520 Main Avenue, Wallington, New Jersey 
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UBE REDUCING CORPORATION 


D rockrite: 


TUBING 


9-512 
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ALLEN-BRADLEY 


REVERSING 
DRUM 
SWITCHES 





... Styled to match the most 
modern production machines! 


Inside and out—this Allen-Bradley drum switch 
is all new. Its trim, modern lines and attractive 
die-cast aluminum handle will give your 

production machines “‘up-to-the-minute’”’ styling. 


But there is more than beauty to this new 
switch. The rugged switch mechanism is a self- 
contained unit—independent of the enclosure. 
Misalignment and binding cannot occur. The base 
mounts directly on machine surfaces— without 
using spacers. And with the wrap-around cover 
removed, terminal screws are exposed for fast 
wiring —from the front. Changeover from 
momentary to maintained contact operation can 
be made in seconds. Investigate this new 
“leader” in its field. Send for Publication 6091. 


ALLEN - BRADLEY 
Quality Motor Control tmz. iis Seats: rae 


3-60-R 





QUALITY 


BULLETIN 709 \ — 
STARTERS 


ALLEN-BRADLEY ore made 7d 
up to Size 8. 


Solenoid Starters give 


MORE MILLIONS 
OF TROUBLE FREE 
OPERATIONS 


...and for good reasons 


¢ ONE MOVING PART 


With this simple solenoid design, there’s 
virtually nothing to go wrong —all trouble- 
causing bearings, pivots, and flexible jumpers 
have been eliminated. 





® DOUBLE BREAK, SILVER ALLOY CONTACTS 


Allen-Bradley silver alloy contacts never 
require maintenance. They are always 

in perfect operating condition ... and remain 
so until completely worn away. 





¢ SIMPLE UP-AND-DOWN MOTION 


The virtually frictionless, straight line 
vertical motion provides uniform contact 
pressure at all times—and assures con- 
sistent, rapid operation of the contactor. 


* RELIABLE OVERLOAD PROTECTION 


All A-B starters are equipped with two 
permanently accurate and reliable overload 
relays that protect motors against ‘‘burnouts.”’ 
Three overload relays can be furnished. 


QUALITY 
heb me): 
CONTROL 


ALLEN-BRADLEY 


MEMBER OF NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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The Jump on Competition 


HEN to take the wraps 

off a new development is 

a touchy problem in both 
military and industrial product de- 
sign. A recent experience here il- 
lustrates the sort of answer that is 
sometimes encountered. 

Along with other publications, 
Macuine Desicn received a news 
release describing a consumer 
product with interesting new me- 
chanical features. These features 
give the new model unique char- 
acteristics which greatly enhance 
its position in a highly competi- 
tive market. 

We believe our readers would 
find the new mechanism of con- 
siderable interest. Besides the few 
others designing a similar product, 
the many who are in other fields 
could benefit from the interchange 
of ideas. Our request for design 
information and _ illustrations was 
flatly rejected. The reason? Fear 
of giving away information to a 
possible competitor. 


Such a policy ignores the obvious 
fact that the new model can be pur- 
chased in a store for a couple of 
hundred dollars, could be dissected 
and analyzed in a few hours, 
copied and put into production in 
a matter of weeks. The Japanese 
may be doing so right now. 

By refusing information for pub- 
lication, the company hasn’t really 
preserved a competitive edge. In 
fact, it has lost an opportunity to 
acquire prestige through having its 
name associated with the initial 
publication of a clever design idea. 
Imitators can come along any time 
now and take undeserved credit. 

Best remedy for such insecurity 
is to have, in the works and quite 
properly under wraps, so many new 
developments that competition can 
never really catch up. 


ie. PAN 


EDITOR 
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Mechanical mobility . . . Mechanical impedance 
. . . bywords for two of the most promising techniques 
of vibration analysis developed in recent years. In- 
terchangeable in use, these companion techniques 
provide a simple, straightforward basis for solving 
problems not easily handled by other methods. But 
just what are mobility and impedance, and how are 
they used? Part of the answer is given in two earlier 
articles (December 10 and December 24, 1959) on 
fundamental concepts of the mobility approach. 
Other basic principles as well as details of more 
advanced methods of dynamic analysis will be pre- 
sented in this series of articles. 


Mobility and impedance concepts are summa- 
rized in this first article. Succeeding articles will 
show how these concepts are used to predict steady- 
state dynamic response of different types of linear 
mechanical systems. Future topics: Single and two 
degree of freedom systems . . . lumped multiple-mass 
systems . . . combination systems . . . beams and 
frames. 


AUSTIN H. CHURCH 

Chairman, Mechanical Engineering Dept. 
College of Engineering 

New York University 

New York, N. Y. 
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and Impedance Concepts 
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IBRATING mechanical systems are analogous 
to equivalent electrical circuits. In fact, two 
forms of these analogies may be made. 

In the more common form, a mass is equivalent 
to an inductance and a spring is equivalent to a 
capacitor. This “mass-inductance” analogy is based 
on Kirchoff’s Second Law for electrical circuits: 
The sum of the potential drops around any loop of 
a circuit is zero.':?/3.4 

In the second analogy, a mass is equivalent to 
a capacitor and a spring is equivalent to an in- 
ductance. This “mass-capacitance” analogy is based 
on Kirchoff’s First Law: The sum of the currents 
flowing to any point in a circuit is zero.*:>»® 

Both analogies, which are summarized in Table 1, 
are based on the similarity of the differential equa- 
tions for mechanical and electrical systems. The 
mobility method is based on the mass-capacitance 
analogy and will be discussed later in more detail. 

When the equivalent mechanical circuit is 
sketched, either electrical symbols, Table 1, or me- 


secee 


chanical symbols, Fig. 1, may be used. For uni- 
formity, mechanical symbols will be used here. 


System Response 


Throughout these articles, response to a single 
harmonic force is considered. Any periodic force 
or torque can be analyzed by means of a Fourier 
series of a number of harmonic forces. Response 
can then be found for each harmonic term of this 
series. The separate responses can then be recom- 
bined to obtain a resultant periodic response. This 
procedure greatly widens the scope of the mobility 
method. 

Systems analyzed here are considered to be linear 
at all times. That is, motion response at any point 
is always proportional to the magnitude of the im- 
pressed harmonic force. 

Mobility is defined as the ratio of the maximum 
value of the response of a point in a system pro- 
duced by a harmonic force to the maximum value 
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Fig. i—Typical diagrams using me- 
chanical symbols. Shown schematically 
are equivalent linear (a) and rotational 
(6) mechanical systems. Circuit dia- 
gram for mass-capacitance analogy is 
shown at c. Equivalent circuit diagrams 
using electrical symbols are given in 
Table 1 for both mass-inductance and 
mass-capacitance analogies. 





of that force, F,. If the maximum value of harmonic 
response is R,, mobility M = R,/F,. Impedance is 
the inverse of mobility, or Z = F,/R, for a single- 
degree-of-freedom system. 

Mobility may be considered as response per unit 
force, or as a measure of the readiness of a point 
to respond to a harmonic force. Impedance may be 
thought of as the force required to produce a unit 
response, or as a measure of the resistance of a point 


to response. 

The form of motion response to be used depends 
on the type of problem and the impressed frequency. 
For low frequencies, stress is proportional to dis- 
placement which can be measured easily. Hence, 
displacement mobility Mp, which is the ratio of 
maximum displacement to maximum impressed force, 
or x,/F,, may be used. This ratio is also known as 
“receptance” or “mechanical admittance.” 





Nomenclature 





> = Linear displacement, in. 
= Impedance 
4 = Acceleration impedance, |b-sec* per in. 
= Displacement impedance, lb per in. 
, = Velocity impedance, lb-sec per in. 
= Angular displacement, or slope, rad 
= Phase angle between force and velocity vectors, 
degrees or rad 
» = Circular or angular frequency, rad per sec 


Acceleration, in. per sec per sec 

= Viscous damping factor, Ib-sec per in. 

= Natural logarithm base 

= Force, Ib 

= Mass moment of inertia, in.-lb-sec? 

= Imaginary operator 

= (—1)* 

= Spring gradient or rate, lb per in. 

= Mobility 
Acceleration mobility, in. per lb-sec? 

= Displacement mobility, in. per lb 
Velocity mobility, in. per ]b-sec 
Mass, lb-sec? per in. 


Subscripts 
C = Combined 
d = Damper 
m = Mass 
n = Natural or resonant 
= Amplitude or vector length; characteristic 
= Spring 


Response 

Torque or moment, |b-in. 
Time, sec 

Velocity, in. per sec 





About the Author... 


An eminent engineer and educator, Austin Church 
speaks as a recognized authority on vibration analysis 
and machine dynamics. His most recent book, Me- 
chanical Vibrations, published in 1957, is widely used 
as a fundamental text. Other books include Centrif- 
ugal Pumps and Blowers (1944) and the fifth edition 
of Guillet’s Kinematics of Machines (1950). 

He joined NYU as an assistant professor in 1940 
and was made chairman of the Mechanical Engineering 
Dept. in 1946. His varied career also includes expe- 
rience as a design engineer and consultant. 

A registered Professional Engineer (Mechanical) in 
New York, he holds degrees from Cornell and NYU. 
In addition to his books, he is the author of a number 
of magazine articles and papers. The present series 
of articles is a result of studies carried out at GE's 
General Engineering Laboratory while on leave of 
absence from NYU. 
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Electrical Equivalents 


Mass-Inductance Analogy 


Voltage 
Resistance 
Inductance 
Capacitance 
Current 


Charge 


Resistance 
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Mass-Capacitance Analogy 
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Current emphasis is on velocity response.’ For 
this case, velocity mobility, My U,/F,, is used. 
Velocity mobility is particularly applicable for higher 
frequencies of vibration where stress is more nearly 
a function of the velocity of response, or when im- 
pact loading may occur, since impact is a function of 
mass and velocity. When inertia loadings predomi- 
nate, the use of acceleration mobility, M, a,/Fo, 
may be desirable. 

Conversion of one form of motion response to 
another is accomplished by applying the impressed 
circular frequency term, ». If only the real portion 
of motion is considered, conversion relationships are: 


x, COS wt (1) 


dx 
dt 


2, Sin wt v, sin wt (2) 


dv 
dt 


X,w* COS wt = — V,w COS wt (3) 
Forces and motions of systems having damping 
are more conveniently expressed in terms of com- 
plex numbers, which generally simplify calculations. 
Then, both real and imaginary terms must be con- 
sidered, and the conversion equations become: 


(4) 


jox,ei*t = v, eit (5) 


dt 
dv 


dt 


j? w* x, ei*t w* x, eit jv, weirt (6) 
where 


eit cos wt jsin wt (7) 


Two general types of response are important. 
One is “driving-point response,” in which response 
is found at the point where the excitation force acts. 
The other is “transfer response,” which is response 
at one point when excitation is applied at another. 

Both rectilinear and torsional systems are con- 
sidered here. The procedures and discussions apply 
equally well to either type of system. 


Definitions and Principles 


Initially, mobility and impedance will be con- 
sidered on a velocity basis. Later, these principles 
will be extended to include displacement and ac- 
celeration responses. 

When damping is present in a system, forces are 
no longer collinear, and a phase angle becomes evi- 
dent. Mobility is then a complex number. When 
a motion vector with complex numbers is differen- 
tiated, the vector is multiplied by the product, jo, 
as demonstrated by Equations 4, 5, and 6. This 
operation multiplies the length of the vector by o, 
and the j term rotates the vector forward (in the 
direction of rotation) 90 degrees. From Equations 


134 


4, 5, and 6, then, 


v a a 
(8) 


jw j2 wo? w2 

By definition, velocity mobility My is the ratio 
v,/F,, which generally involves a phase angle, y. 
Thus, if excitation is F = F, cos wt and response is 
v = v,cos (wt + ¥), then My = v,/(F.Zv), where 
My is a complex number whose modulus, or ab- 
solute value, is v,/F, and whose argument, or phase 
angle, ¥, is the angle by which v, leads F,. 

Mobility may be found for each of the various 
types of components. Mobility of a spring or dashpot 
is determined across the component. Thus, mobility 
is the motion of one end of the component relative 
to the other end divided by the maximum excitation 
force acting across or through the component. Mo- 
bility of mass is the ratio of its maximum sinusoidal 
response relative to inertial space to the maximum 
sinusoidal excitation that causes the response. 


Velocity Response of Components: Velocity mo- 
bility of springs, masses, and dampers can be readily 
determined by straightforward procedures. 

Sprincs: Displacement of a spring is x = F/k. 
From Equation 8, maximum velocity is v, joXo, 
which may also be written as vu, jw F,/k. Hence, 
My, Vo joFo Bid (9) 
A kF, k 

A spring does not dissipate energy but merely 
stores it in potential form, which is recoverable. 
Note that the term for My, is imaginary because it 
contains j. 

Since impedance of an element is the reciprocal 
of mobility, or F,/v», 

k jk 


jw w 


Zs 


Masses: The relationship between force and mo- 
tion is F ma. But from Equation 8, a = jov. 
Hence, v = a/(jw) = F/(mjo), and 


F, 1 j 


: (10) 
MjwoF, jom Mw 


My», 


A mass in motion does not dissipate energy but 
stores it in kinetic form, which is recoverable. Again, 
note that the velocity mobility is imaginary because 
of the j term. 

Velocity impedance of the mass then becomes 
Mw 


Z\ m arden is jmwo 


Dampers: If damping is viscous, v = F/c, and 
(11) 


A damper dissipates energy in the form of heat 
which is not recoverable. Because it does not con- 
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Table 2—Typical Mobility Diagrams for Mass-Capacitance Analogy 


Mechanical System Mobility Diagram 
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Table 2 (continued) 


Mechanical System Mobility Diagram 
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tain j, this mobility term is real. which imaginary terms represent energy storage and 
Impedance is real terms represent energy dissipation. 
Zva—C . 
~ Displacement Response of Components: As men- 
Thus, velocity mobilities are complex numbers in tioned previously, response to excitation may be 
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analyzed in terms of displacement rather than veloci- 
ty. The ratio of maximum displacement to maximum 
value of the impressed force is common and will be 
called “displacement mobility,” Mp. Equations for 
displacement mobility can be found by a process 
similar to that used for velocity mobility. 

For a spring, x = F/k, so, 


Mp, = — = — = - (12) 


ma. But from Equation 8, a = 
-Ma*x,, OF X% = F,/ 


For a mass, F - 

w*x. Therefore, F, 
(—mw?v), and 

Lo F, 1 
F, —mMw*F, 


F/c. But v, 


Mpm = sia ( 13) 
Mm w- 


For a damper, v joXo, OF Xo 


F, (cjo). Then, 
Lo F, y] 


Mpa ite Sem, sorintnyipmemeimn a 
F, CjwF, Cw 


(14) 


In these expressions for response, the imaginary 
part represents dissipation of energy while the real 
part represents energy storage. These results are 
just the reverse of those obtained for velocity mo- 
bilities. 

Impedance forms of Equations 12, 13, and 14 are: 

Zps =k 


Zpm M w* 


Zpa Cjw 


Acceleration Response of Components: The third 
possible method of calculating response is to find 
the ratio of maximum acceleration to maximum 
applied force. This method is designated “accelera- 
tion mobility,” M4. 

From Equation 8, a, j°w*Xx, - @°Xo, OF Ao = 
jov,. With these relationships, equations for accelera- 
tion mobility of the components become: 


w* Xo w? 


M1, 
KB2e k 


- a, 1 
4h Arn . s 
MM, m 


i ; 
Mas : i 


7 


CV, c 
In terms of acceleration impedance, 
k 
ZaAs = Fs 
w2 


Za m ™m 


c cj 

eh Bee So oe 

jo ® 
In these expressions for acceleration response, the 
imaginary part represents dissipation of energy while 
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Fig. 2—Components of vibrating mechan- 
ical system in, a, series combination and, 
6, parallel combination. 


the real part is storage of energy. Hence, accelera- 
tion response is similar, in this respect, to displace- 
ment response. 


Combinations of Components: A vibrating me- 
chanical system is usually composed of a number 
of components grouped in two types of combinations: 
Series and parallel. 

A series combination, Fig. 2a, has the same force 
acting through several components at any instant. 
Response is the sum of the individual responses 
of the components. Then, combined mobility, Me, is 

pe. IO I... reer M, + M2 + 

Fo Fo Fe 
(18) 


A parallel combination, Fig. 2b, has the same re- 
sponse for all components. The force acting on the 
combination equals the sum of the forces acting 
through the individual components, or 


Reo 


Mc = - 
Fo 


This equation can be simplified by 
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pedance relationships, which give 
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Fig. 3—Mobility and impedance rela- 
tionships for a single-degree-of-freedom 
system. 


Schematic Diagrams: Before mobility or impedance 
of a point in an elastic system consisting of a num- 
ber of components is calculated, the suggested pro- 
cedure is to first draw a schematic or dynamic cir- 
cuit diagram based on the mass-capacitance analogy. 
This diagram will show whether components are 
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combined in series or parallel. Also, diagrams based 
on this analogy follow the principles outlined in 
the preceding discussion on combinations of com- 
ponents. The value and use of these diagrams will 
become more evident in the discussion to follow. 

Components that are attached to a fixed member 
are shown “grounded.” The ground connection also 
applies to mass components that develop inertia 
forces which have magnitudes proportional to the 
acceleration with respect to inertial space of the 
mass; that is, relative to ground or a “fixed” link. 
Exciting force is usually located at the left end of 
the diagram with components to the right in com- 
binations as just outlined. 

Table 2 shows several schematic mobility dia- 
grams.* As noted previously, mechanical symbols 
are used rather than analogous electrical symbols. 
In these diagrams, the point of excitation deter- 
mines, in part, if the combinations of components 
are in parallel or series. In the event that vibration 
is “free,” the impressed force is omitted from the 
diagram. 

Diagrams in Table 2 apply equally well to recti- 
linear or torsional elastic systems. In this regard, 
generalized symbols are used. Thus, F designates 
either a force, F, or a torque, T; m a mass or a mass 
moment of inertia, J; k a rectilinear or torsional 
spring rate; etc. 


Mobility Plots: Results obtained from the analysis 
of velocity, acceleration, and displacement responses 
of components are summarized in Fig. 3. Component 
mobilities are plotted as straight lines on log-log 
scales for a single-degree-of-freedom system in which 
components all act in parallel. 


Response of each component is plotted as a straight 
line with a slope corresponding to the exponent 
of the » term. The solid curve represents the re- 
sultant response of mass due to the action of various 
components. The procedure for obtaining this re- 
sultant response will be developed in a later article 
on single-degree-of-freedom systems. Comparison of 
the accompanying equations, Fig. 3, points out the 
relationships developed earlier; that is, for the vari- 
ous components, My = jo Mp, and My = jo My = 
- o2M p. 

Of course, other arrangements of the components 
in various series and parallel combinations are pos- 
sible. Such arrangements would affect the shape 
of the resultant curve and also will be considered 
in later articles. 


Next article in this series will discuss three meth- 
ods for determining response in single-degree-of- 
freedom systems. 
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Juncture Pipe Stresses 


The longitudinal stress at the juncture of a pipe 
and a wall is required of some design problems. The 
maximum longitudinal stress for the two principal 
cases occurs at point A. For case I (capped end) 


this stress is given by 
| 3 )] PR 
(1 : v)? 1 


] v 
Smaz sess [ = i ( 1- — 
2 a 


For case II the stress is given by 


Smaz = Se eee aa 
oe T 


Where S = stress, psi; v = Poisson’s ratio; P = pres- 
sure, psi; R = radius, in.; and T = thickness, in.— 
Epwarp N. NeEtson Sr., analytical engineer, Solar 
Aircraft Co., San Diego, Calif. 
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Do you have a helpful tip or technique for our other 
readers? You’ll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DesIGN, Penton Bldg., Cleveland 13, 0. 
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scanning the field for ideas 


Aluminum eddy-current 
dise permits high-speed operation 
of instrument dynamometer with 
minimum inertia effects. The alumi- 
num disc, which is a good conductor 
but nonmagnetic, rotates in a mag- 
netic field provided by two mag- 
netic coils. Eddy currents gen- 
erated by the disc create another 
magnetic field, producing a force 
which opposes the force from 
the main field. This action simu- 
lates the resistance load that is ap- 
plied to a shaft component under 
test. Light weight of the aluminum 
minimizes the inertial resistance of 
the disc at high speed, reducing 
the error in dynamic torque meas- 
urements. Reported by B. A. Kohler, 
aluminum disc employed in a dyna- 
mometer developed by IBM Corp., 
Owego, New York. 
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Hydraulic “drive” cylinders 
automatically compensate for inlet pres- 
. sure changes in a multiple stage gas com- 
pression system. The piston rods of the 
centrally located hydraulic cylinders ex- 
tend some distance through the cylinder 
end caps, each of which is machined 
to accept a gas cylinder. The hydraulic 
cylinders are drilled and ported to form 
a hydraulic supply pressure manifold sys- 
tem. Length of the cylinder stroke in this 
arrangement depends upon the gas pres- 
sures against which the gas pistons are 
working and on the pressure supplied to 
move the hydraulic piston against the 
gas pressures. “Full stroking” action takes 
place only when inlet gas pressure is a 
minimum and outlet gas pressure is a 
maximum. At this time, the compression 
ratio between stages is a maximum. In- 
creases in inlet pressure reduce the stroke 
length. Such stroke length changes are 
caused by the constant hydraulic drive 
force producing only a fixed amount of 
gas-pressure lift, thereby providing a self- 
compensating action by proportionate de- 
creases in the compression ratio. Drive 
principle employed in gas booster com- 
pressor developed by Haskel Engineering 
and Supply Co., Glendale, Calif. 
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SCANNING THE FIELD FOR IDEAS 


Segmented rotary blade folds up on 
impact with a solid object to prevent dam- 
age to drive shaft. Outer sections of the 
blade are pivot-mounted to the main blade 
and, under normal operation, are kept in 
alignment with the main blade by centrif- 
ugal force. When the tip hits an obstruc- 


Punched metal cards replace con- 
ventional mechanical timer to permit selec- 
tive variation of sequence control. Pre- 
punched cards have five tracks which are 
scanned mechanically to control five differ- 
ent machine operations. Length and dis- 
tribution of holes determine duration and 
The cards are fed 
through the scanning mechanism by a 


timing of operations. 


sprocket which engages a lengthwise per- 
foration. A cutout pin disconnects the ma- 
chine when the cover of the scanning me- 
chanism is lifted. Card control system em- 
ployed in domestic washing machines de- 


tion, it folds back about the pivot to slide by 
the obstruction with minimum impact. 
When the obstruction is passed, the tip 
swings back into place. Segmented blade 


principle employed in the Homko rotary 
mower developed by Western Tool and 
Stamping Co., Des Moines, Iowa. 


signed by Maschinenfabrik Ad. Schulthess 
& Co., AG, Zurich, Switzerland. 


Punched card ~ 
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Fine ink jet from capillary 
glass-tube nozzle serves as the 
stylus in a recording instru- 
ment. Glass tube with a small- 
diameter right-angle nozzle is 
mounted between the torsion 
wires of a galvanometer loop. 
Writing liquid is fed to nozzle 
by electric vibrator pump. As 
galvanometer loop oscillates, 
ink jet records oscillations on 
moving paper. Maximum noz- 
zle deflection is +32 deg. A 
blotting roller dries recording 
instantly. At low writing 
speed, 2000 cps oscillation is 
superimposed on measuring 
current to compensate for ex- 
cess liquid by widening re- 
corded line. Ink jet principle 
employed in recording unit 
manufactured by Siemens & 
Halske, Karlsruhe, Germany. 
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Fig. 1—Combination of on d 
curves with impeller performance curve. at 


Original internal 
resistance 





Lowered internal resistance system Combined 


Original internal resistance system joa ie xe! 


Fig. 2—System resistance curves for, a, internal 
resistance and, 6, combined internal and ex- 
ternal resistance. 


Need to move air 
faster, 


more efficiently? 


Then consider these 
key factors 


in designing . 


®@ Minimum Duct 
Obstructions 


® Peak Impeller 
Performance 


® Optimum 
Heat Transfer 


DAVID A. GILDA 

Senior Applications Engineer 
Air Impeller Div. 

Torrington Mfg. Co. 
Torrington, Conn. 
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IR-MOVING systems and their individual re- 
quirements vary a great deal. Even so, there 
is one design problem common to all: Some- 

how, with a minimum of compromise, the often-con- 
flicting performance objectives of small size, high 
output, and low noise level must be obtained. 

The key for solving this problem lies in the de- 
sign and selection of all components in the air-mov- 
ing system to operate at peak performance. This 
is particularly true of the impeller unit and the flow 
path. 

This article describes the nature of an air-flow 
path, its system resistance, and the most important 
air-flow elements in commercial appliances, equip- 
ment, and packaged units. Since the external por- 
tion of an air circuit is usually not within the 
designer’s control, and since the factors involving 
the behavior or selection of the impeller itself have 
been discussed previously,':? these subjects are not 
discussed. Performance curves for specific air-moving 
units are given to show the actual effects of various 
changes in internal air-flow paths. 


pres COCO 
eee 

A difference in static pressure, or static-pressure 
head, is necessary to maintain air flow through a 
duct of uniform cross section A at a given average 
air velocity V or flow rate Q. The total static-pres- 
sure differential across the air-flow path must equal 
the static-pressure losses due to both the boundary 
friction and air turbulence at a specific flow rate. 
In addition, pressure losses occur in elbows, filters, 
grills, and other interruptions in an air-flow path. 
These must also be included in the pressure-loss 
analysis. All losses, whether frictional or turbulent, 
are proportional to the square of the flow rate, P, 
= K,Q?, or air velocity, P, = K2V*, where the val- 
ues of K are constant for a given air-flow path re- 
gardless of the path variation between discharge and 
inlet. As shown by the original-system curve in Fig. 1, 
total static-pressure drop across a given air-flow path 
(the sum of all static-pressure losses) can be plotted 
on the graph with the performance curve for a 
particular impeller unit operating at a given speed. 
The principle operating point for an impeller is 
at the intersection between the system-resistance 
curve and the performance curve. The location of 
operating point A, Fig. 1, shows that the impeller 
introduces static pressure P,,, which is required to 
maintain air-flow rate Q, in the original system, 
and consumes power H 4. 
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High and Low Air Flow: The resistance curve for 
the higher system, Fig. 1, represents an air-flow 
path in which more static pressure is necessary to 
produce the same air-flow rate, or in which the same 
impeller maintains smaller air-flow rate QO, at oper- 
ating point B. Such an increase in system resistance 
can be caused by additional obstructions, sharper 
elbows, or air-flow paths that are smaller in cross 
section and include more boundary irregularities. 
On the other hand, a smoother, more open air-flow 
path (lower-system curve, Fig. 1) will provide su- 
perior performance. 

A significant design factor is shown in Fig. 1: 
Some leeway is available when locating the operat- 
ing point, even though the performance curve of 
the impeller is fixed. Hence, proper design of the 
air-flow path can mean the difference between satis- 
factory flow rate Og and unacceptable flow Qz, in 
an air-moving unit with the same over-all space. 


Internal and External Flow Paths: A complete air- 
flow path encompasses air movement from the im- 


peller discharge to its intake. Hence, there are then 
two distant flow sections in any air-moving unit 
that is not fully enclosed: 1. An internal flow path, 
for which the designer is responsible, and 2. An 
external flow path, over which the designer usually 
has no control. 

The internal and external flow paths of a hypo- 
thetical air-moving appliance, whose major compo- 
nents are a blower unit and a heating element, may 
be separated as shown in Fig. 2. The original in- 
ternal-resistance curve, Fig. 2a, represents the re- 
sistance imposed only by the internal path of the 
appliance as a function of flow rate. Flow rate Qp at 
the operating point D is the appliance output with- 
out the addition of any external resistances—ducts, el- 
bows, noise-attenuators, cooling coils, or outlet grills. 


1References are tabulated at end of article. 


Louvers 


Fig. 3—Air-flow paths on the con- 
denser and evaporator sides of a room 
air conditioner. 
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Location of point D can be shifted by changing the 
amount of internal resistance in the unit. With care- 
ful design, the air resistance of the heating element 
can be reduced as shown by the lowered internal- 
resistance curve, and the air-flow rate through the 
unit can be raised to Op’. 

In Fig. 2b, the two performance curves of the air- 
moving appliance—combined blower unit and heat- 
ing element—represent operation under any ex- 
ternal pressure conditions with either the original 
internal-resistance system or the lowered internal- 
resistance system. For any external resistance, the 
appliance with the lowered internal-resistance sys- 
tem will produce a higher air-flow rate than ob- 
tained with the original internal-resistance system. 


Practical Interpretation: The air-flow paths in 
packaged air-moving units are usually short, small, 
and have varying cross-sectional areas, change di- 
rection abruptly, and have irregular boundaries. 
For example, the schematic drawing in Fig. 3 shows 
the air-flow paths on the condenser and evaporator 
sides of a typical room air conditioner. The air- 
flow path is constricted and irregular. Hence, it 
would be difficult to determine theoretically the 
total static-pressure drops of the various design 
possibilities. Therefore, tabular and graphical data 
on pressure losses in long-duct air systems are of 
little practical use. 

A better approach is to apply good engineering 
practice in the design of the internal air-flow path, 
so that energy losses in the flow path are minimized 
for the known design limitations. Then, air-flow 
tests should be made on prototype units. The re- 
sults of such tests are used to attain optimum per- 
formance in the final design. Although the basic 
capability of most air-moving units is always estab- 
lished in the original design, performance can often 
be significantly upgraded with very minor changes 
at the prototype test stage. 

The two most common objectives today in de- 
signing air-moving equipment are: Maximize air 
flow and minimize noise. Three fundamental rules 
help the designer achieve these objectives: 1. Make 
the air flow path as wide-open, smooth and unob- 
structed as possible. 2. Get peak performance out 
of the specified air impellers. 3. Plan proper air dis- 
tribution for optimum heat transfer. Following these 
three rules of design, of course, will not guarantee 
that the prototype air-moving device will deliver as 
much air and operate as quietly as originally speci- 
fied. Hence, it may be necessary to make changes 
in the design. However, these rules will usually 
result in feasible initial design. 


Minimum Duct Obstructions 


Because air-flow paths in commercial air-moving 
devices are usually short and have relatively small 
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wall-surface areas, energy losses or static-pressure 
drops due to friction or viscous drag at the walls 
is not a major contributor to total static-pressure 
drop. Often, however, obstacles and frequent changes 
of direction increase air turbulence, causing com- 
paratively large eddy losses (internal friction in the 
air). 

Grills, filters, louvers, and other necessary compo- 
nents of air-flow paths can often inhibit the per- 
formance of an air-moving unit by introducing an 
excessive static-pressure drop. The source of diffi- 
culty is often a mainly decorative element such as 
a grill or louver with too little open space. Good 
performance is insured if each of these elements in 
the air-flow path is designed so that the free flow 
of air is interrupted as little as possible. Continuing 
development work is being done, for example, to 
produce effective air filters having a more open 
mesh. 

Constrictions in the air-flow path can also have 
a significant effect on the level of air noise. To 
sustain a given air-flow rate in the air-flow path, 
the instantaneous air velocity increases whenever 
and as long as the cross-sectional area is reduced. 
High air velocities at constrictions—intakes to fans 
or blower wheels—can result in “high-system” noise. 
High-system noise can be reduced only to the ex- 
tent that the air-flow path can be opened up to 
avoid excessive velocities. 

Air swish or whistle due to excessive air velocity 
can occur in a blower wheel if a coil, filter, or other 
obstruction in the air-flow path is too close to the 
inlet. An increase in the space between the blower- 
wheel inlet and the coil or filter can eliminate air 
swish. If there is insufficient space in the unit, it 
may be necessary to select a different type or size 
of housing inlet ring or move the impeller further 
back in the housing. In a propeller fan, so-called 
“blade-frequency” noise can be produced if motor 
struts, compressor tubing, or wiring in the air-flow 
path is located too close to the rotating blades. 


Peak Impeller Performance 


Peak performance can be attained from a given 
blower wheel or fan in two ways: |. Select, wherever 
possible, a standard housing or orifice and refrain 
from on-the-spot modifications. 2. Provide sufficient 
conversion to static pressure, which is normally of 
concern only with propeller fans. 

Standard blower-wheel housings and fan orifices 
are recommended because they insure the greatest 
flow rate, lowest sound level, and highest efficiency. 
A housing or orifice that is designed especially 
for a particular impeller collects the air so that the 
full impelling capacity of the wheel or fan is used. 
Any change in the design of the standard housing 
or orifice, or in the recommended position of the 
impeller, reduces the output of the impeller unit. 
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In addition to collecting the air and feeding it 
into the wheel blades, a blower-wheel housing also 
converts velocity pressure to static pressure. A blower 
unit, including the wheel and a fully developed 
scroll, is then considered a high-pressure impeller. 
A propeller fan like that in Fig. 3, however, is an 
inherently low-pressure impeller because it has no 
equivalent built-in means of pressure conversion. 
Most commercial air-moving units, except free-air 
impellers (kitchen ventilators and room fans) must 
operate against relatively high static-pressure drops 
in the air-flow path. Therefore, although a blower 
unit usually provides a high enough static pres- 
sure, it is often necessary to introduce a means of 
pressure conversion at the discharge of a propeller 
fan. 


Standard Blower-Wheel Housings: The three 
curves in Fig. 4 show the results of pressure-flow 
tests on a particular blower wheel in a standard 
housing, and in two smaller housings in which the 
air was not given sufficient space for proper move- 
ment and pressure conversion. Even though neither 
the blower wheel nor the system resistance of the 
air-flow path were changed, the desire to save space 
with a smaller housing resulted in a loss of flow 
from QO» to either Og (tight housing) or Qy (even 
tighter housing). A tight or improperly designed 
housing scroll may cause “blade-frequency” noise 
in the blower wheel because of poor air pressure 
distribution between the scroll and periphery of the 
wheel. In addition, noise can be produced by the 
air crossing the cut-off in a tight housing. 


Standard Orifices and Impeller Position: The three 
types of orifices commonly used with propeller fans 
are: 1. Sharp-edge orifice (a hole cut in the wall 
isolating the intake and discharge), 2. Cylindrical 
orifice, and 3. Bell-mouth orifice. Both of the latter 
types have sufficient axial depth to smooth the air 
flow into the fan on the intake side. The sharp- 
edge orifice is usually specified to achieve low form- 
ing cost where noise is of no consequence. The 
bell-mouth orifice produces somewhat higher static 
pressures and efficiencies in the usual fan operating 
range. The propeller-fan orifice is part of the air- 
moving unit itself and, therefore, is usually not 
purchased with the impeller. 

The flow output of a propeller fan into a given 
air-flow path depends on the following orifice con- 
ditions: Clearance between the impeller blade tops 
and orifice, axial depth (cylindrical and bell-mouth 
orifices), and position of the impeller in the orifice. 
Flow tests indicate that propeller fan performance 
will be optimum when the following orifice condi- 
tions are established: 


Tip Clearance—As clearance increases between the im- 
peller blade tips and orifice, a higher leakage of air 
from discharge to intake produces a reduced flow rate 
for a given pressure difference across the fan. Fans 
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Fig. 7—Influence of housing cut-back on 
the over-all system performance. 
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Fig. 8—Proper pressure conversion de- 
— on relationship between plenum 
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with zero tip clearance would therefore be desirable 
but impracticable to produce. It has been found that 
a tip clearance of from 1.5 to 2.0 per cent of blade 
diameter offers very nearly zero-clearance performance 
while permitting normal manufacturing variations. 

Axial Depth—A cylindrical orifice with an axial depth 
about two-thirds of the fan blade depth takes sufficient 
advantage of the cylindrical form without using too 
much material. A sharp-edge orifice, of course, has 
negligible axial depth anyway. The axial depth or 
bell radius of a bell-mouth orifice is recommended 
as 10 per cent of the blade tip diameter of the fan. 
Greater axial depth produces insufficient improvement 
in fan performance, while clearances below 10 per 
cent reduce the static efficiency of the fan through 
a loss of the flow-smoothing effect of the orifice curva- 
ture. 

Fan Position in Orifice—Between 30 and 35 per cent 
of the blade depth should project out of the intake 
side of any of the three orifice types. 


The importance of the position of the impeller 
in the orifice is demonstrated in Fig. 5. A propeller 
fan was tested in three positions in a sharp-edge 
orifice—protruding on the intake side 68, 33, and 
15 per cent. Since the position of the fan in the 
orifice has negligible effect on the amount of space 
used for the air-flow path, a higher air-flow rate 
can be obtained by proper fan placement. A projec- 
tion of 68 per cent, Fig. 5, on the intake side of 
the orifice produces a higher pressure-flow curve 
at very low flow rates. However, commercial air- 
moving equipment usually operates in the region of 
the indicated system-resistance curve. 

The point of operation on the fan performance 
curve is used to determine the proper type of orifice 
for a given application. Fig. 6 shows performance 
curves for a propeller fan with each of the three 
orifice types. For the lower system, highest efficien- 
cies are obtained with the bell-mouth orifice. For 
the higher system, either a cylindrical or a sharp- 
edge orifice is used to avoid the deep stall region 
in the bell-mouth curve. The cylindrical orifice is 
preferred to the sharp-edge type when a_ lower 
sound level is required. 


Housing Modifications: Although a standard 
blower-wheel housing is used, it may be necessary 
to cut back the discharge opening of the housing 
to fit the blower unit into the space available in 
the air-flow path. To save space or change the di- 
rection of air flow at the discharge, the housing 
can be cut back as shown in Fig. 7. However, the 
hypothetical performance curves, Fig. 7, show that 
a small cut-back in the housing discharge radically 
reduces the static-pressure and air-flow rate. 


Pressure Conversion in Plenum: Pressure conver- 
sion may be accomplished on the discharge side of 
a propeller fan by providing an air-collection space, 
commonly called a plenum. Air is usually dicharged 
into a plenum by a propeller fan at a relatively 
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high velocity. As more air is forced into the space, 
the internal or static air-pressure builds up. The 
static pressure build-up in the plenum for a particu- 
lar propeller fan, size of plenum space, and outlet 
reaches a characteristic equilibrium level. The ple- 
num outlet may be either larger or smaller than 
the discharge area of the propeller fan. It must be 
larger, of course, if air is to be fed into the flow 
path at a higher static pressure. 

In Fig. 8, the static-pressure curve for the pro- 
peller fan with no plenum space provides flow out- 
put Q»y. The velocity pressure at any flow rate is 
the difference between the static and total pres- 
sures produced by the impeller. Addition of a small 
plenum raises the performance curve and operating 
point to point P. Even higher flow Q» is achieved 
with a larger plenum. The performance curve of 
the fan alone has not been changed by the plenum 
in any way, but the static-pressure curve of the fan 
and plenum together approaches the total-pressure 
curve of the fan alone as the velocity pressure is 
more completely converted. 


Optimum Heat Transfer 


The fundamental function of the air-flow path, 
in most cases, is to produce the most usable dis- 
tribution of air at the right place to accomplish 
some kind of heat transfer. Thus, the propeller fan 
in the room air conditioner in Fig. 3 must blow 
the air uniformly through the coil to dissipate heat. 

Over the usual range of ambient conditions, it 
can be shown that heat transfer:(W) in watts for 
either cooling or heating coils is 


VP 
W = K-——-A(AT) 
RY 


where K is constant for a particular system; R = 
hydraulic radius of flow cross section, ft; V = av- 
erage air velocity, fpm; A = total coil surface area, 
sq ft; and AT = difference in temperature between 
the moving air and coil surface, deg F. The ex- 
ponent p is about 0.6 for the usual fan-coil heat- 
transfer conditions and N = 0.4. 

For a given temperature difference between the 
air and coils, Equation | indicates that the heat- 
transfer rating of an air-moving unit can be raised 
by increasing either the coil exposure area, or the air 
velocity, or by reducing the hydraulic radius. The 
coil exposure area might be raised, but this method 
usually is more expensive and less effective than the 
other two. If the same size impeller is used, the in- 
creased static pressure will reduce the air-flow rate 
or the air velocity, which was originally assumed 
constant for the coil exposure area change, and 
thereby result in a lower heat transfer. The lateral 
coil area is limited by the outside dimensions of the 
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air-moving unit. For example, in Fig. 9, the area 
of the coil on the evaporator side of the air condi- 
tioner is about as large as possible, and sufficient 
space is allowed for the blower-wheel intake and 
other components behind the control panel. 

A higher air velocity is not usually a satisfactory 
way to increase che heat-transfer rating. It is rela- 
tively ineffective, due to the exponent p = 0.6, and 
can create new problems of noise and additional 
resistance losses. 

A reduction in the hydraulic radius, which repre- 
sents the lateral cross-sectional area of air flow 
through the coils, is often the easiest way to im- 
prove heat transfer. This, for example, could be ac- 
complished by increasing the number of fins in a 
room air conditioner coil. This would, however, in- 
crease the static resistance. 

Often, after an entirely adequate coil size is speci- 
fied for the desired level of heat-transfer, the air- 
flow path is inadvertently designed so that only 
part of the coil is actually being used. As a result, per- 
formance is disappointing. The usual cause of such a 
condition occurs when the propeller fan or blower 
wheel is discharging directly into the coil, although 
its discharge area is neither as large nor of the same 
shape as the coil. Heat transfer can be improved by 








space on the impeller discharge to expand air dis- 
tribution. The coil in Fig. 3 would be inactive if 
the propeller fan dicharged directly into the coil 
without an intervening plenum space. The plenum 
placed on the discharge of the blower wheel, Fig. 9, 
both expands the air distribution over the full coil 
area and changes the direction of the housing dis- 
charge. 

Air distribution across coils, as well as along ir- 
regular flow paths, can frequently be improved by 
proper use of guide vanes. 

The performance curve, Fig. 10, shows graphically 
the effect of improved air distribution over a coil, 
whether it is produced by adding plenum space or 
guide vanes, or simply by rearranging components 
in the air-flow path. The impeller, originally op- 
erating at point T on its performance curve, must 
overcome a total pressure drop in the air-flow path 
of Psy to maintain an air flow of Q,y. Since the 
distribution on the impeller discharge is so poor, only 
a fraction of the coil is active. Expansion of the 


=C mcm _CC-x’V———— air-flow paths 


air-flow cross section, and full use of the coil, shifts 
impeller operation to point U on a lower system 
because of the reduced static-pressure drop across 
the coil. A more active coil area (larger hydraulic 
radius) means a lower velocity through the coil, 
unless the increase in velocity due to higher flow 
rate Oy more than offsets the reduction in coil 
velocity due to the greater flow area. Since the in- 
crease in flow area is more effective in heat trans- 
fer than the resulting decrease in velocity, the heat- 
transfer capacity of the air-moving unit is increased. 


REFERENCES 
1. K. A. Merz—‘‘Basic Factors in Air-Circuit Design,’’ MACHINE 
DesIGN, June 28, 1956, pp. 139-145. 
2. C. A. Hathaway—‘How To Select Air Impellers for Optimum 
Performance,’’ MACHINE DESIGN, October 4, 1956, pp. 88-94. 
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Isometric Square Construction 


Construction of a square in the conventional iso- 
metric circle, Fig. 1, by joining the ends of the major 
and minor axes of the construction ellipse results in 
the sides not being at 30 degrees with the major 




















axis. Consequently, sides of the internal square are 
not parallel to other lines in the drawing. To draw a 
circle in the resulting square would require an im- 
provised construction. 

Fig. 2 shows a modified ellipse that allows 30-de- 
gree lines to be used in construction. The large 


150 


radius, R, is extended to either side, and a new cen- 
ter, O’, for smaller radius, O’T’, is found by drawing 
a line through T perpendicular to the major axis. 
Lines are drawn from the two opposite corners of 
the square, through O’, cutting the large radius, 
R, at T’. Length O’T’ is the new radius permitting 
construction of the sides of the square at 30 degrees. 
—F. Murray, Chicago, III. 


Volumes of Solids 


The volumes of solids of revolution can quickly 
be found by using the following table. 


Y= fee 


Solid x y 





Radius 
Height 
Half Length 
Height 
Height 


Sphere Radius 
Cone Radius of base 
Ellipsoid 


Paraboloid 


Radius of rev. 
Radius of base 


Cylinder Radius 





Direct slide rule evaluation may be used by setting 
X on the CI scale opposite A on the D scale. Op- 
posite Y on the B scale, read V on the A scale.— 
Jesse Roru, New York, N. Y. 


Do you have a helpful tip or technique for our other 
readers? You’ll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DgsIGN, Penton Bldg., Cleveland 13, O. 
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Acceleration 
Analysis 


J. HIRSCHHORN 
Associate Professor of Mechanical Engineering 
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Sydney, Australia 


Accelerations in mechanisms are generally deter- 
ined from the known motion: at wt-lae one pers. 
But se eae Uh ee al e ae 


ven heliaaeciicthe 
Now, here’s an an 


REQUENTLY the designer is confronted with — of the dynamic response of a mechanism at the start 
the problem of predicting the dynamic be- of the motion, or during acceleration and decelera- 
havior of a mechanism from knowledge of the __ tion. 


acting on one or more of the links, The method of dynamic analysis, described here, 


without being able to assume the acceleration of forms a basis of solution for these problems. Two 


any 


one link. 


An example is the investigation procedures are developed: One for impending mo- 





DYNAMIC ACCELERATION ANALYSIS 


Fig. 2—The floating link ~ its 
auxiliary acceleration diagram 
angular velocity. 


in- 
stantaneous 


tion, and one, for some instant at which the mech- 
anism has already acquired finite kinetic energy. 
Both methods are based on the law of conservation 
of energy: The time rate of change of kinetic 
energy of the mechanism is equal to the instanta- 


Nomenclature and Conventions 





Absolute acceleration of G, in. per sec? 
Normal (centripetal) component of dq, in. 
per sec? 
Tangential component of ag, in. per sec? 
Kinetic energy of link, in.-lb 
External force on link, Ib 
Moment of inertia of link with respect to an 
axis, perpendicular to the plane of motion, 
through its center of gravity G, lb-in. sec? 
Moment of inertia of link about its fixed pivot 
O, lb-in. sec? 
Mass of link, lb 
Point of application of ,F 
External torque on link, lb-in. 
Absolute velocity of G, in. per sec 
Weight of link, Ib 
= Absolute angular acceleration of link, rad per 

sec? 

w = Absolute angular velocity of link, rad per sec 


Other subscripts: 
ce = Chosen arbitrarily 
f Floating 
i = Input 
k A link in general 
r = Rotating 
s = Sliding 


Rotational quantities w, a, T are positive if counter- 
clockwise. For translational quantities (v, a, F'), the 
positive direction is determined by the velocity. Tan- 
gential components are positive if directed in the same 
sense as the velocity. 

The term input link is used to denote the particular 
link whose velocity and acceleration are chosen as 
convenient starting data for the construction of the 
velocity and acceleration diagrams. The input link 
is not necessarily the actual driving link. Generally, 
a rotating link is selected for this purpose. 
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Direction of v, from velocity diagram 
—. 


neous power input of the external force system. Or, 


7 dE, . aE, | 2 dE; 
at ey dt 
= > Fy, (Upx) + ) T. Wk (1) 


where ,F, is the component of F;, in the direction 
of vpy. The appropriate energy equations for the 
three basic link types shown in Fig. 1, are: 

For the rotating link, 


_ Io w? 


dE, 
“at -— Io @®a 


For the sliding link, 


(4a) 


aE; 
oo Igwa + M v@ Ag (4b) 

Instant of Impending Motion: As the first step 
in the determination of the accelerations, an auxil- 
iary acceleration diagram for the mechanism is 
constructed, based on the arbitrarily selected input 
angular acceleration, .a; = 1 rad per sec”. Because 
of the absence of angular velocities, all normal (cen- 
tripetal) accelerations are zero. Hence, the auxiliary 
acceleration polygon is similar in all respects to a 
velocity polygon for the same configuration of the 
mechanism. 

From the diagram, values of .a;, and (dq, for 
all links are easily determined. The true values of 
these quantities are directly proportional to the 
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W,=10lb 


W, =6 lb, M, = 0.0155 Ib-sec?/in., 2 = 0.15 !b-in-sec* 
W,,=10\b, M; = 0.0259 1b-sec7/in.,/¢3 = 0,75ib-in.-sec* 


W,,= 5lb, M, = 0.0130 Ib-sec*/in, 


still unknown input angular acceleration: 


cate 
aK a; —- 
cj 


Qj Ak 


clGk 
ek aj ai eAGK 


ch 


where ,a; = 1. Substitution of Equations 5, 4, 3, and 


2 into | leads to 


aj { Tor @, cay a M, V@s cAaGs tT 


) Tay wy cay + ) My; Ve} tees \ 
= > ty, UpK + ) Th Wy (6) 


Equation 6 contains angular and translational ve- 
locity terms. It is true that at the instant of im- 
pending motion these are zero. However, after an 
infinitesimal time interval, dt, the links acquire 
infinitesimal velocities, which, becuuse of the pre- 
viously mentioned similarity, have the same direc- 
tions and relative magnitudes as the corresponding 
accelerations: 


wo, = .a, dt (7a) 
Vox = cen at (7b) 
Up, = Ap, dt (Te) 


With these relations, Equation 6 reduces to: 


aj { : Tor ety? + ; M, -Gg,7 + 
) Tey ty” + M; Ags? } 
= > te Op, + ) Tr cy (8) 


Since all other quantities in this equation are 
known, a can be calculated. 


Input Link with an Instantaneous Angular Ve- 
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locity: The first step is to construct the actual veloc- 
ity polygon and an auxiliary acceleration polygon, 
with an assumed angular input acceleration, ,a; # 
zero, from which the quantities .a, and ag, for all 
links are calculated. The reason for making .a; non- 
zero is given later. Due to the finite angular velocities 
and consequent normal accelerations, a change in 
the input angular acceleration from .a; to a does 
not produce proportional changes in the angular 
accelerations of the other links, as was the case 
at the instant of impending motion. That is, here 
a F (aj/ cai) cory. 

The complex relationship that exists between these 
two acceleration systems has been investigated by 
Goodman.’ His transformation equations are adapted 
here to a mechanism with a rotating input link and 
with auxiliary accelerations based on the actual 
velocities. 

Angular accelerations: 

_ Ok 
a,= — 
@j 


ak ( a % ) 
e y 


ck @j c&k 


— (aj — aj) T Oy 


or 


Translational accelerations: 


VGk 
a¢~ = (a; 
@j 


cr VEk ( aj cj ) 
mo SE memeniier femmes del 
eek Wj c4Gk 
With the aid of these equations, the expressions 
for the time rate of change of kinetic energy for 
the three basic link types can be transformed. 
For the rotating link, 
az, 


— = Io, w, a; 


dt 


— a) + Cer 


or 


(10b) 


@, 
Tor we —— (a; nal Mj) + car ] 


oj 


References are tabulated at end of article. 
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Direction of Yq trom velocity diagram 








For the sliding link, 
ak, 


M, Ves Ges 
dt 


VGs 
M, Ve; | 


® 


r Ags ] 


(11b) 


Shown in Fig. 2 is a floating link and the relevant 
portion of the auxiliary acceleration diagram, based 
on the actual velocity polygon. The acceleration 
vector of center of gravity G is compounded from 
component vectors in accordance with 
ag cla + Age 

n@p T tcp T neAesp T tebos 
Only the tangential acceleration components are 
affected by a change of the input acceleration. 
Therefore, 

dE, 


Ie; + My Vay 1c; 
dt 


bad | aisles 
Igy wy - - (a; cj) + M; veg; (0O—1) + 
~ ¢Aj ) 
——+1 | 


cM, 


—E ‘ Aj ) 
(3—4) — Rates + 


cOt 


(2—3) + 


(11e) 


equation the vector projections (0—1), 


Fig. 4—Auxiliary accel- 
eration diagram for Ex- 
ample 1. 


(2—3), etc., are considered positive if directed in the 
same sense aS Ugy. Substitution of Equation 11 a, 
b, and c into Equation | yields an equation from 
which a, as the only unknown quantity, can be 
calculated. 

It is conceivable that, with the assumed value of 
.a;, one or the other angular acceleration may be- 
come zero, causing the corresponding vector pro- 
jection, such as (I—2) or (3—4) in Fig. 2 to vanish. 
This is the reason for making .a; # zero. The easiest 
way out of this difficulty is to construct a new ac- 
celeration diagram with a different value of ,ai. 


Example I: Determine the angular acceleration of 
crank 2, Fig. 3, assuming that it starts from rest. The 
auxiliary acceleration diagram, Fig. 4, is based on 
w2 = 0 and .a2 = | rad per sec?. It yields the fol- 
lowing information: 

For Link 2, -a2 = 1 rad per sec?, T2 = ~—60 Ib-in. 
For Link 3, -a3 = ~—0.174 rad per sec*, cag3 = 5.86 
in. per sec?, +W3 = —2.5 lb in direction of -aa3. 

For Link 4, aga = 6.12 in. per sec?, Fg = 25 Ib. 

Substituting into Equation 8 (recalling that sub- 
script r applies to crank 2, s to slider 4, and f to 


link 3), 
a2[0.15(1)2 + 0.013(6.12)2 + 0.75(—0.174)2 + 
0.0259 (5.86)2] = 25(6.12) — 2.5(5.86) — 60(1) 


a2 = 50.5 rad per sec?, counterclockwise 
Example 2: Determine the angular acceleration of 
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the crank in the same position as before but assume 
that its angular velocity at that instant is w2. = 10 
rad per sec. With altered scales, Fig. 4 may be 
used as the actual velocity polygon. It yields the 
following information: 


For Link 2, w2 = 10 rad per sec. 
For Link 3, #3 = ~—1.74 rad per sec, vas 
per sec. 
For Link 4, vga = 61.2 in. per sec. 
From Fig. 5, the auxiliary acceleration polygon, 
with we oj 10 rad per sec and ,a2 Ohi 
50 rad per sec?: 


= 58.6 in. 


For Link 2, -a2 = 50 rad per sec* (assumed), r = i = 2. 

For Link 3, -a3 = 20.6 rad per sec*, r = i = 2,f = 3. 

Projections of ag3 components in the direction of ves: 

(0—1) 157 in. per sec?; (1—2) 290 in. per sec* 
(to be adjusted), and (2—3) 27 in. per sec*, (3—4) 

8 in. per sec? (to be adjusted) 

For Link 4, aga = 502 in. per sec*, i 2s = 4. 

dE 

» 0.15 (10) ae = 1.50 ao 

dt 


0.75 ( —1.74) [—0.174(a2 — 50) + 


0.0259 (58.6) | 157 + 290 ( 


2 


27 — 8(—0.174) (= tine 
20.6 


9.15 a2 + 224 


dE, 
a 0.013 (61.2) [6.12(a2 — 50) + 502] 
¢ 
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Fig. 5—Auxiliary acceleration diagram for 
Example 2. Initial velocity is finite. 


= 4.85 a2 + 156 


The total time rate of change of kinetic energy 
15.502 + 380. The power input is 10 times as large 
as before, or, 784 in.-lb per sec. Hence, 15.5a2 + 
380 == 784 from which a2 26.1 rad per sec?, 
counterclockwise. 

Other methods of dynamic analysis, such as-Wit- 
tenbauer’s* or Quinn’s*? can be used, but involve a 
graphic differentiation, which limits their accuré cy. 
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Accelerated Multiplication 
A shorthand method of multiplication which yields 
exact answers is demonstrated by the example, 
487 x 95 = 46265 


—M. VANDERMEULEN, Montreal, Canada 





7-5 =3 6) 


(Write 5, carry 3) 


ol8 


~N 


7-9+8-5+3=10 © 
(Write 6, carry 10) 


& 
@ AO, @ 
N alu 


7-0+ 8-9 + 4-5 +10=10 
(Add O, write 2, carry 10) 


Ow 
oX 


> 
fe 
nn Ww 


8-0+4-9+10=4 ©) 
(Write 6, carry 4) 


4-0+4= @) 


(Write 4) 


iO 
KO *~ @ 


2) 
Oo-f \ 
© @ 
wan OW 


4626 


uo 
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Reciprocal Equation Solution 

















Equations of the form 1/z = 1/x + 1/y can be 
easily solved graphically. Segment AB is laid out 
to any convenient length, with perpendiculars AX 
and AY forming the ends. The perpendiculars are 
made proportionate to the quantities x and y. Di- 
agonals BX and AY then fix height ZC which is 
equal to the quantity z in the same proportion.— 
Jesse Rorn, New York, N. Y. 
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Part 2— Thermal, 


EP and TFE fluorocarbon plastics are suitable 
for many applications requiring resistance to 
temperature and corrosion, and good electrical 
properties. The first information available on the 
new FEP resins is presented here, and data for TFE 
are also new or revised. 
Effects of temperature on expansion, distortion, 
and elasticity of Teflon plastics are explained. Wear 
characteristics include hardness, fatigue, impact, and 
abrasion data. Resistance to arcing and high fre- 
quencies makes these plastics desirable for electrical 
insulation. Discussion of the exact nature of these 
properties and how they can be used concludes this 
series on Teflon. A previous article (Jan. 21, 1960) 
covered strength and deformation properties. 


Thermal Expansion: Linear expansion of TFE 
and FEP fluorocarbon plastics is shown in Fig. 11. 


A marked change in volume of 1.0 to 1.8 per cent is 
evident for TFE in the transition zone from 65 to 
77 F. A part which has been machined on either 
side of this zone will obviously change dimensions 
if permitted to go through the zone. Thus, final 
operating temperature of a precision part must be 
accurately determined. Measurement on a _ pro- 
duction basis must allow for this volume change if 
the transition zone is traversed in either manufac- 
ture or operation of the part. FEP plastics do not 
exhibit this peculiar expansion characteristic because 
they do not have a transition point. 


Low-Temperature Properties: Parts fabricated of 
TFE resins exhibit high strength, toughness, and 
self-lubrication at low temperatures. oth FEP and 
TFE are useful from —450 F and are highly flexible 
from — 110 F. 























—— TEF (Teflon 1) i 
——— FEP(Teflon 100X) ff 








Fig. 11—Linear ther- 
mal expansion versus 
temperature. 












































Wear, And Electrical Properties 


L. H. GILLESPIE, D. O. SAXTON, and F. M. CHAPMAN 


Polychemicals Dept. 
E. |. du Pont de Nemours & Co. Inc. 
Wilmington, Del. 


Thermal Conductivity and Specific Heat: Thermal 
conductivities of Teflon 1 (TFE) and Teflon 100X 
(FEP) are, respectively, 1.7 and 1.4 +0.3 Btu/hr/ 
sq ft/deg F/in. Heat capacity is 0.25 Btu/lb/deg F 
for Teflon 1 and 0.28 Btu/Ib/deg F for Teflon 100X. 


Heat Distortion: Temperatures obtained for heat 
distortion of Teflon 1 are (ASTM D 648): 252 F for 
a stress of 66 psi, 132 F for a stress of 264 psi. Values 
for Teflon 100X are: 158 F at 66 psi, 124 F at 264 psi. 


Elastic Memory: Parts made from Teflon fluoro- 
carbon resins tend to return to their original di- 
mensions after a deformation, but the process of re- 
covery may require a long time. A fabricated part 
which creeps or deforms over a period of time un- 
der stress will recover its original shape when stress 
is removed and the part is raised to sintering tem- 
perature. However, partial recovery will occur at low- 
er temperatures. At any given temperature, recovery 
to be expected at that temperature is substantially 
complete in 15 minutes or less, but extent of re- 
covery increases with increased temperature. 

For example, a TFE filament 4-in. long, stretched 
to a length of 12 in. and heated at 212 F, recovers 
to approximately 11 in. within 15 min and then re- 
mains substantially unchanged. A similar piece 
heated to 392 F recovers to 10 in. The first piece, 
after additional heating to 392 F, undergoes further 
recovery until it is 10-in. long. When heated to 662 
F, both pieces return to their original length of 4 in. 


———Rate of Decomposition (per cent per hr) — 
FEP TFE 
Temperature Teflon 100X Teflon 6, 30 
(F) Initial 





Teflon 1, 5, 7—— 
Initial Steady State 





450 0.0004 0.0001 to 
0.0002 


0.0006 


0.00001 to 
0.00005 


0.0001 to 
0.0002 


600 0.02 0.005 0.0005 
700 0.3 0.03 0.004 


1x10-" 
500 0.001 100 x 10-11 


0.000002 
0.0009 
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Decomposition at Elevated Temperatures: Rate 
of decomposition of a Tefion part depends on the 
particular resin, temperature, heat-exposure time, 
and, to a lesser extent, pressure and nature of the 
environment. In designs where the rate of out- 
gassing is important, as in high-vacuum work or 
for safety considerations, initial rates of decomposi- 
tion in Table 5 may be used. For most applica- 
tions these decomposition rates are small enough 
below the maximum service temperature (500 F for 
TFE plastics and 400F for FEP plastics), and no 
special precautions are necessary. Where tempera- 
tures run above 650F during fabrication, proper 
ventilation is required. 

Experience indicates that in many instances the 
rate of decomposition of an article fabricated of fluo- 
rocarbon resin decreases after continual exposure. 
For example, when parts made of Teflon 1, 5, and 
7 are used, a very low, fairly steady decomposition 
rate is established after less than 1 per cent of the 
resin has decomposed. 


Fatigue: Curves of stress versus strain are a sound 
basis for calculating the performance of statically 
loaded parts. However, they are not a good basis 
for design of parts subjected to repeated stress. As 
with ferrous alloys, there is a stress value, the fatigue 
endurance limit, below which Teflon plastics will 
not fail no matter how many times load is applied. 

Typical fatigue data for fluorocarbon plastics are 
given in Table 6. All data were taken at constant 


Cycles to 
Failure 





(Teflon 1) 1000 >20 million 


> 7 million 


1500 


FEP (Teflon 100X) 1000 > 7 million 
1400 >7.2 million 
1450 1300 
1500 960 


- 


* Yielded, but did not break. 
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Table 7—Tensile and Izod Impact Strength 


Impact Strength 
Temperature Tensile Izod* 
Resin (F) (ft-Ib/cu in.) (ft-Ib/in.) 








TFE (Teflon 1) 73 320 2.9 
—65 105 2.3 

FEP (Teflon 100X) 73 1020 Sample bends 
—65 365 2.9 





* ASTM D 256-56. 


Table 8—Hardness 


Rockwell Durometer Durometer 
Resin R Scale* D Scale A Scale 








FEP (Teflon 100X) 25 
58 


59 96 
TFE (Teflon 1) > 5 


iy 98 





*ASTM D 785-51. 


Table 9—Maximum PV Values 


———PV Values*———_ 
Continuous Intermittent 
Resin Use Use 








FEP (Teflon 100X) 600 1000 
TFE (Teflon 1) 1000 3000 
TFE reinforced: 25% glass- 

fiber-filled Teflon 1 10,000 20,000 





*P in psi; V in fpm. 


Table 10—Weight Loss Caused by 
Sliding Tape* 


Average Weight Loss 
Resin (gm per sq in.) 








TFE (Teflon 1) 0.337 
FEP (Teflon 100X) 0.174 





* Armstrong abrasion test (ASTM D 1242-56): This 
test measures abrasion resistance of flat surfaces by 
drawing abrasive tape, under load, over test specimens 
at a slip rate of 100 in. per min. With No. 320 abrasive 
under a 15-lb load, weight loss was measured after 200 
revolutions (1 hr 40 min). 


Table 11—Weight Lost from Revolving 
Disk* 
(Cumulative weight loss in milligrams) 





Test Cycles... 
Resin 10 50 100 500 1000 2000 





TFE (Teflon 1) 0.35 1.65 2.2 5.7 8.9 13.4 
FEP (Teflon 100X) 0.30 0.60 1.0 3.9 7.5 13.2 





* Taber abrasision test: This test measures abrasion 
resistance of a flat surface by rotating a 4-in. diam 
specimen disk beneath an abrasive under load. A 
1000-gm load was used on a Calibrase wheel No. CS-17F 


Table 12—Tape Length Required To 
Abrade Through Wire Coating* 
(Average tape length in inches) 





Heat aging... 
Resin None 96 hr 500 hr 96 hr 
at 302 F at 302F at 392 F 





Ee (Teflon 6) 76 78 98 84 


TFT 
FEP (Teflon 100X) 107 94 118 87 


F 
E 





* Tape abrasion test (MIL-T-5438): This test measures 
abrasion resistance of wire coatings by drawing, under 
load, a clean abrasive cloth tape of continuous length 
across the test wire until the coating is worn through 
A 1-lb load on No. 400 grit tape was used on a coating 
thickness of 0.015 in. 








maximum stress to failure with a Sonntag-Universal 
machine. 


Impact: Ability to absorb impact energy, or im- 
pact toughness, is difficult to predict in a part be- 
cause shape has a major effect on performance. Un- 
derstanding how a part resists impact, however, 
helps in selecting a good design. 

The energy of an impact has to be absorbed by 
a force developed within the part multiplied by the 
distance the part can deform. Designing flexibility 
into the part to lengthen the distance over which 
the energy is absorbed greatly reduces the internal 
force required to resist the impact. For example, a 
rigid base made from spring steel would not have as 
high a capacity for absorbing energy as a coil spring 
made from the same material. The same factors 
that affect metals also affect plastics. As more and 
more flexibility is designed into a part subject to im- 
pact load, the better the part will perform. 

Teflon resins have excellent impact strength over 
a wide range of temperatures. Average values for 
specimens of Teflon subjected to the tensile-impact 
test and the Izod-impact test are given in Table 7. 

There is no exact method for relating impact 
test data to actual design calculations or perform- 
ance. Generally, in addition to incorporating flex- 
ibility, the most important method for obtaining 
toughness or impact resistance is to eliminate all 
sharp corners and other features subject to high 
stress concentration. For exact design, prototype 
models must be tested under actual loads. 


Hardness: Table 8 lists the hardness of Teflon 
plastics as determined by various tests. 


Friction: ‘Teflon parts have a smooth surface with 
a slippery feel. This slipperiness is confirmed by 
test. Fig. 12 and 13 indicate that static friction of 
Teflon resins decreases with increase in load. Static 
coefficient of friction is also lower than the dynamic 
coefficient. This characteristic eliminates the prob- 
lem of “stick-slip” in which higher breakaway fric- 
tion causes undesirable vibration. 

The PV values in Table 9 are comparatively low. 
However, bearing surfaces of reinforced TFE resins 
are several orders of magnitude better than un- 
filled TFE resins. Filled FEP resins also offer higher 


PV values and are good bearing candidates. 


Abrasion and Wear: Parts fabricated from TFE 
resins have good wear properties and make excellent 
bearing surfaces for light loads at low rubbing ve- 
locities. Tables 10, 11, and 12 indicate abrasion 
resistance of fluorocarbon resins for various kinds of 
tests. 

Under heavy loads and high rubbing velocities, 
reinforced TFE compositions have proved superior 
to unfilled compositions. It is to be expected that 
reinforced FEP resins would perform similarly. 


Electrical Properties: Combined with mechanical 
strength and chemical and thermal resistance, the 
outstanding electrical properties of Teflon plastics 
make these materials valuable and versatile elec- 
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Fig. 12 — Static coef- 
ficient of friction ver- 
sus load at 73 F. 
Curve for FEP resin 
was obtained for FEP 
on Elastuff A-2 steel 
having a surface fin- 
ish of 5 to 6 micro- 





TFE 
~~ FEP( Teflon 100X) 














inches rms (worn sur- 
face). 


trical insulators. As summarized in Table 13, TFE 
and FEP plastics have practically identical proper- 
ties as electrical insulators when used. within the 
recommended service temperature range. Teflon 
plastics have no water absorption, and volume re- 
sistivity values remain unchanged even after pro- 
longed soaking in water. Surface-resistivity values 
were taken at 100 per cent relative humidity. 
Dielectric constant for TFE plastics remains con- 
stant at 2.1 for a temperature range of — 40 to 250 C 
and a frequency range of 5 cps to 10,000 megacycles. 
Dissipation factor is also constant at 0.0003 for the 
same ranges of temperature and frequency. After 
heat aging at 482 F, skived tape made from TFE 
resins has a dielectric constant of 1920 v per mil 
at the end of one month. The value drops to 1875 
v per mil after 6 months. Comparabie values for 





Table 13—Electrical Properties 


FEP (Teflon 
Property TFE 100X) 








Volume resistivity (ohm-cm) >1019 >1019 
Surface resistivity (ohm/sq) >1017 >1017 
Dielectric strength —See Fig. 14-17——— 
Dielectric constant 
60 cps to 60 megacycles 2.1 
3000 megacycles 2.1 
Dissipation factor 
60 cps to 60 megacycles 
3000 megacycles 


1 
1 


<0.0003 
0.0006 (At 50 
megacycles) 
Will not track Will not track 


<0.0003 
<0.0003 


Are resistance 





Table 14—Effect of Frequency on 
Dissipation Factor of FEP Teflon 100X 
at 73 F 


Dissipation Factor 


Frequency 
10? cps 

1 ke 
10 ke 
100 ke 

1 megacycle 
50 megacycles 


ASTM D 150-54 T. 
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TFE spaghetti tubing are 1100 v per mil and 960 
v per mil, respectively. The constancy of these 
factors is established by experience, and dielectric 
constant and dissipation factor are cons‘dered in- 
variant over the range of useful service conditions. 

Tests on FEP 100X over the frequency range of 
100 cps to 50 megacycles and the temperature range 
of —40 to 250C show its dielectric constant also in- 
variant and identical to the values for TFE resins. 
A minor peak in the dissipation factor is noted at 
slightly above 1 megacycle, Table 14. 

Teflon insulation has good arc resistance. When 
exposed to electrical arcing, Teflon surfaces experi- 
ence some erosion. However, no carbon track is 


Fig. 13—Kinetic coefficient of friction versus sliding speed 
at 73F. Curve for FEP resin was obtained for FEP on 
Elastuff A-2 steel having a surface finish of 5 to 6 micro- 
inches rms. 
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Table 15—Typical Electrical Properties of Reinforced TFE Plastics 





Surface 
Resistivity: 
(ohm/sq) 


Volume 
Resistivity 
(ohm-cm) 


Dielectric 
Constant? 


Dielectric 
Thickness Strength! 
(in.) (v/mil) 


Dissipation 
Material Factor 


1.891019 Bh At 1017 


Unfilled 0.07 400 2.1 0.0002 

15% Milled 
glass fiber 5.0 1014 2.9 « 1013 
(dry) (dry) 

6.7 x 108 4.0 1072 
(wet) (wet) 


0.05 250 2.4 0.0006 


35% Milled 
glass fiber 2.4 1013 
(dry) 

6.1 1012 
(wet) 


1.25 « 1015 


1105 
1105 


50% Quartz — 

15% Graphite 0.06 —_— 
35% Graphite 0.06 —_ 
15% Copper 0.06 - —_— 


2.44 106 
2.44 x 106 











1ASTM D 149-55 T. 2ASTM D 150-54 T. %ASTM D 257-57 T. 


formed, and the initial high surface resistivity is 
maintained. 

Short-time dielectric strength values are high, 
Fig. 14, and are relatively unaffected by heat aging 
at 482F as previously noted. Values range from 
500 to 4000 v per mil depending on thickness. The 
effect of temperature on dielectric strength of TFE 
resins, Fig. 15, is negligible over the range from 
room temperature to the upper continuous operating 
temperature. Dielectric strength of TFE drops off 
less with increase of frequency, Fig. 16, than for 
other materials tested to date. At 100 megacycles, 
for example, dielectric strength is 130 v per mil— 
about six times that of glass at the same frequency. 

Insulation systems in continuous service, Fig. 17, 
are used at stresses well below the short-term dielec- 
tric strength because of the damaging effects of 
corona bombardment. TFE resins are unaffected 
by ozone and ultraviolet light which accompany 
corona but, like other relatively soft organic insu- 
lations, are eroded by ionized molecules. There- 
fore, recommended working stresses are normally 
50 to 100 v per mil, which are typical values for 
design of equipment operating below 2300 v. 

Reinforced TFE resins have increased dielectric 
constant and dissipation factor and decreased di- 
electric strength and volume and surface resistivity, 
Table 15. Depending on the reinforcing agent, arc 
resistance may remain unchanged or be reduced. 


Miscellaneous Properties: Tests of TFE samples 
exposed for 12 years to practically all climatic con- 
ditions confirm the weather-resistant properties of 
Teflon plastics. An FEP resin exposed for three 
years also showed no change in properties. Re- 
sistance to extreme heat and cold and to ultraviolet 
light is excellent. 

Permeability of molded Teflon sheet is compa- 
rable to neoprene and butyl rubber. The combina- 
tion of low permeability and chemical resistance 
makes Teflon an excellent material for lining pipe 
and equipment used under severe corrosive condi- 
tions at temperatures up to 400 or 500 F. 
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Vibration-damping properties of Teflon plastics are 
excellent at both sonic and ultrasonic frequencies. 
Sufficient material thickness to absorb the energy 
produced is usually determined experimentally. 


Reinforced Compositions: Fillers are used in TFE 
resins to improve their performance. While re- 
taining the desirable properties of uncompounded 
resins, modified compositions meet the requirements 
of an increased variety of mechanical, electrical, 
and chemical applications. Various properties and 


the approximate amount of increase obtained with 
compounded TFE resins are: 


1. Resistance to initial deformation under load—25 per 
cent. 

. Resistance to rotating shaft wear—500 times. 

. Stiffmess—2 to 3 times. 

. Thermal conductivity—5 times. 

. Resistance to creep—2 times. 

. Thermal dimensional stability—2 times. 


ND hh W 


. Hardness—10 per cent. 


Although extensive information is available for 
reinforced TFE*, little has been done with reinforced 
FEP resin because of its newness. However, rein- 
forcing Teflon 100X should improve the properties 
of this FEP resin as it has for TFE resins. 


Methods of Fabrication: Teflon 100X FEP resin 
melts and flows, while TFE resins do not. Conse- 
quently, TFE resins require fabricating techniques 
somewhat different than those used with other 
plastics. 

Because FEP resin is thermoplastic in the conven- 
tional sense, many processing conditions used with 
TFE resins co not apply. Preforming pressure, sin- 
tering time, cooling rate, void content, and crystal- 
linity level, all of which are important in process- 
ing TFE, are not usually considered when process- 
ing FEP. Important factors in processing FEP are 
that the resin not be degraded and that the fabri- 


*F. M. Chapman—‘‘Reinforced Teflon,’’ MACHINE DESIGN, Vol. 
30, No. 19, September 18, 1958, p. 148. 
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Fig. 15—Short-time test of dielectric strength as tem- 
perature varies. (ASTM D 149-55 T, 1-in. electrode 
in silicone oil.) 


cated part have a good surface and a homogeneous 
structure. Beyond this, most properties are rela- 
tively insensitive to processing conditions. 

Any injection-molding machine of standard de- 
sign, properly sized for the job, can be used for 
molding FEP resin. Depending on thickness of the 
part, 30 to 60 mils per in. shrinkage is allowed in 
molds for noncritical parts. When accurate dimen- 
sions are required, a test cavity should be used 
to determine exact shrinkage allowances. 

Because usual service temperatures for FEP plas- 
tics are equal to or lower than temperatures used 
during molding, few dimensional changes result 
from stress relieving. Molded parts show little 
change in room-temperature dimensions after pro- 
longed exposure in air at 450 F. 

Dry blending is a simple and economical way of 
adding pigments to FEP 100X prior to molding. Of 
course, only pigments stable at molding tempera- 
tures should be used. 

Conventional melt-extrusion equipment is also 
used in processing FEP resins. Commercially avail- 
able pigments can be mixed with the resin before 
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test at 60 cps. 









































Fig. 14— Dielectric strength 
versus thickness for short-time 


Fig. 16—Effect of frequency on dielectric strength of 
TFE in oil. (1/16-in. breakdown path, 34-in. diam 


electrode with 1/-in. edge radius, 40-sec test.) 


Fig. 17—Life versus continuously applied voltage 
stress. (ASTM D 149-44, 1/-in. brass electrodes, 5 


to 6-mil specimens.) 
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extrusion as is done prior to molding. 

Wire Coating: No restrictions have been en- 
countered on the type of conductor, primary in- 
sulation, or jacketing material which can be coated 
with Teflon 100X. Also, with proper wire handling 
equipment, no limits have been apparent as to 
diameter or shape of the core to be coated. Coating 
thicknesses of 3 to 30 mils have been extruded over 
such materials as silicone rubber, polyvinyl chloride, 
neoprene, TFE resins, glass braid, metal-shielded 
cables, twisted conductors, and _paraliel-multicon- 
ductor cables. 

When extruding Teflon 100X as a primary insula- 
tion or cable jacket, high production rates are 
achieved by extruding a tube of resin having a 
larger internal diameter than the base wire con- 
struction and a heavier wall thickness than the 
final insulation thickness, and then drawing the 
large tube down to desired size. 

Tubing Extrusion: FEP 100X tubing can be made 
in a wide range of sizes and is used as slip-on elec- 
trical insulation, instrument tubing, and in hose 
applications. 

Small tubing, commonly called “spaghetti” tub- 
ing, of FEP can be produced by a free-extrusion 
technique in sizes below about 34-in. diam with wall 
thicknesses of 10 to 30 mils. Hose-size tubing, 
from %% to l-in. diam, is produced by conventional 
“forming box” techniques. 

Other Extrusion Shapes: FEP resins can be ex- 
truded as rods, moldings, beadings, channels, etc. 
Because of its viscosity and melt-draw characteristics, 
Teflon 100X is also suitable for bottle-blowing 
operations. 


Other Fabrication Techniques: FEP resin is suited 
to many of the fabricating techniques used for other 
thermoplastics, such as polyethylene. FEP can be 
bonded to metal surfaces by application of heat 


and pressure. It can be heat sealed or hot-gas 
welded. FEP can also be made into shrinkable tub- 
ing used for coating and is suited to extrusion 
laminating. 

Machining Teflon Resins: Rods, tubes, billets, 
and other shapes of Teflon plastics should be stress 
relieved prior to machining, especially when work- 
ing to close tolerances. Stress relieving, or anneal- 
ing, is done by heating the plastic above its service 
temperature, but below 621 F for TFE and 500 F 
for FEP. The piece is then allowed to cool slowly. 
Annealing for 1 hr per in. of thickness is adequate. 
In some cases it may be necessary to rough-cut the 
piece to within 0.015 to 0.030-in. and then reanneal 
to eliminate the stress introduced by the tool. 

Conventional twist drills may be used for drilling, 
but special drills designed for use with plastics are 
recommended for production work. Conventional 
reamers produce holes with good finish and accurate 
dimension. However, because of localized thermal 
expansion, cuts made with a fixed reamer tend to 
be undersize, and expansion-type reamers may be 
preferred. 


Teflon resins can be threaded and tapped with 
conventional equipment. Turning, facing, and bor- 
ing operations can be performed in a lathe. 


Heat-Bonding of Joints: The best lining for chem- 
ical equipment is obtained by heat-bonding all joints 
of Teflon resin sheets. Such joints are as strong and 
resistant to corrosion as the original sheet. 

Because of its antistick properties, bonding sheets 
of TFE plastic to itself is difficult without using 
special techniques. Moreover, it is difficult to bond 
TFE with a hot-gas torch because the resin does 
not flow at elevated temperatures like other thermo- 
plastic materials. Some of these limitations are now 
overcome by using simple contact heaters at a 
temperature of 650 to 700 F to bond sections of 
sheet stock having an interlayer or film of Teflon 
100X, or by using sheets of FEP resin alone. Be- 
cause Teflon 100X FEP resin does melt and flow, 
a gas torch can be used for heat-bonding. 


FEP Film as a Bonding Agent: A film of Teflon 
100X can be successfully heat-sealed to articles made 
of a TFE resin. This accomplishment indicates the 
potential use of the film in many TFE applications 
where bonding had previously been a problem. 
Temperature requirements range from 650 to 700 F 
with a necessary pressure of 1 to 2 psig during a 
dwell time of 1 to 2 min. 

Sections 1/16-in. thick are most suitable for bond- 
ing and have the mechanical properties needed for 
fabrication. Thicker sections can also be bonded, 
but more time is required for the heat-transfer 
operation. Thinner sheets can be joined easily but 
have less strength to absorb thermal stresses. Con- 
sequently, more care is required during the bonding 
operation to prevent permanent deformation of the 
joint. All sheet stock of TFE plastic to be bonded 
should be stress-relieved for 2 hr at a temperature 
90 F above the maximum service temperature. 


Cementable Surfaces: Various procedures have 
been developed for preparing special surfaces on 
TFE and FEP parts to which conventional ad- 
hesives will bond. As a result, good bonding strength 
is achieved with adhesives in bonding to wood, 
glass, steel, aluminum, copper, ceramics, plastics 
and, in fact, any material that will bond with an 
adhesive. This development permits new applica- 
tions for TFE and FEP where materials with anti- 
stick and frictional properties are required at elevated 
temperatures and under severe corrosive conditions. 
Although parts fabricated of TFE and FEP will 
withstand high temperatures, maximum tempera- 
ture of the adhesive may limit the application and 
should be established first. 


Curves for FEP 
In “New Design Data for FEP and TFE,” page 
136, January 21 issue, color curves for FEP in Fig. 9a 
are for 212 F; color curves in Fig. 9b are for 73 F. 
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BABBITT 
BEARINGS 


.. . producibility factors that 
determine top performance 
and reliable service 


F. E. BLACK 

DC Motor and Generator Engineering 
Large Rotating Apparatus Dept. 
Westinghouse Electric Corp. 

East Pittsburgh, Pa. 


ABBITT metal, composed of tin and lead, is 

an old and well-known bearing metal. But 

it still best fulfills seven important require- 
ments of an efficient bearing material: 


. Antifriction properties. 

. Seizure resistance. 

. Conformability. 

. Fatigue strength. 

. Corrosion resistance. 

. Bondability. 

. Ability to be repaired readily. 
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In early babbitt bearings, the babbitt was an- 
chored to the bearing shell by mechanical means, 
such as dovetailing and drilling. To provide better 
bonding, many chemical and plating methods have 
been used. The latest is an electrochemical means 
of bonding. 

The process of producing a babbitt bearing in- 
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volves selection of bearing composition, shell sur- 
face preparation, tinning, and babbitting. 


Bearing Composition: In applications for high- 
speed service, high bearing loads, and high-impact 
service, alloys with high tin content are used. Bab- 
bitt with high lead content has better embedding 
and conforming characteristics, good  antifriction 
qualities, and is less expensive, but is not as good 
as high tin-content babbitts for impact service. 

Several elements are used to provide the babbitt 
with characteristics desired for a particular applica- 
tion, Table 1. Careful selection of elements results 
in bearings that can be employed for special ap- 
plications. 


Surface Preparation—Steel Shells: All bearings 
are tinned with a lead-tin solder before the babbitt 
is poured. A chemically clean surface is necessary 
for effective tinning. With a steel shell, this may 
be accomplished by machining a fine cut into the 
shell surface and tinning while the surface is clean. 
Where this is not done, a pickling process produces 
a good bonding surface. Soaking for 5 minutes in 
a 10 per cent hydrochloric acid solution should 
produce a surface of iron or ferrite for reaction. 
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Surface Preparation—Cast-Iron Shells: The Kolene 
process can be used to clean cast-iron shells electro- 
chemically at 500C. The shell is heated to 400 C 
prior to bath immersion. Bath operation is one 
of oxidation, then reduction of scale, and finally 
removal of gases and oils by an electrochemical. 

The electrochemical process is completed through 
a reduction-oxidation-reduction cycle. Then the 
shell is immersed in cold agitated running water 
(room temperature) momentarily, and transferred 
to a hot (180F) water bath for 5 minutes. The 
shell is moved to an acid bath for 4 minutes and 
back to hot water for 5 minutes. Bearings are 
then ready for fluxing (room temperature) and are 
tinned at 325 C. 


Tinning: The shell should be fluxed with zinc- 
chloride flux to prepare the surface for tinning. 
The tinning bath is a 60-40 tin-lead solder. This 
bath coats the surface and raises the bearing shell 
temperature. If the bearing is too large to fit in the 
bath, a 40-60 stick solder can be used to prepare 
the bonding surface. In all cases, the bearing shell 
should be heated to about 300 C. 


Babbitting: When babbitt is melted for pouring, 
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Table 1—How Elements Affect 
Babbitt Alloy Characteristics 


Tin: Toughens the alloy, lowers the melt- 
ing t, and resists corrosion. Lacks 
antifriction qualities compared to lead 

and tends to heat quickly and fuse. 


Lead: Softens the alloy, has good anti- 
friction qualities. 

Copper: Hardens cmd toughens the alloy 
in the presence of tin, raises the melt- 
ing point, and increases friction. 


Antimony: Hardens the alloy at the ex- 
pense of ductility, raises the melting 
point, reduces friction, and is resistant 
to corrosion. ion of antimony 
in the babbitt alloy must be prevented. 


Silver: When added to lead-base alloys, 

= retention of —e at ele- 
lemperatures an im 

vated a proves 


overheating must be prevented or excessive oxida- 
tion and drossing occurs. If the dross is poured 
with the metal, excessive porosity results. Normal 
pouring temperature for the two babbitt materials 
most commonly used—high lead-base and high tin- 
base—is 475 C. 

When a high lead-base babbitt is poured into 


the shell, lead mixes with the lead-tin interface 
preparation which may result in a poor bond. Main- 
tenance of correct temperatures and correct sur- 
face preparations will insure satisfactory bonding. 
With a high tin-base babbitt, proper surface prepa- 
ration allows for a slight variation, since the tin 
of the poured babbitt dilutes the interface. 

There are several ways of babbitting the shell. 
Two methods commonly used are static (horizontal 
and vertical) and centrifugal. 

The centrifugal method is used mainly for smaller 
bearings, 6-in. bore diameter or less. The shell is 
at 325C when placed in the spinning machine. 
After pouring, cooling water is directed at the out- 
side of the bearing shell, and the shell is cooled to 
not less than 300 F. Cooling too fast causes thermal 
shock which can break the bond between shell and 
bearing babbitt. 

Two more recent babbitting methods are metal- 
spray babbitting and diffusion bonding. An ex- 
cess of oxide results from the metal-spray method. 
In the diffusion-bonding method, the babbitt form 
is cast and placed in the metal shell. Pressure is 
placed on the babbitt and the assembly is held at 
160 F for a 24-hr period. This forces the babbitt to 
conform to the shell and gives a weak, mechanical 
bonding between the shell and babbitt. 


Several testing methods are used to determine 
the babbitt’s condition and its bonding to the shell. 
To check surface porosity, a fluorescent penetrant- 
type oil is used to wet the surface. After the oil 
soaks into the pores, the excess is removed and a 
special powder is dusted on the surface. Oil in the 
pores adsorbs to the powder and black light causes 
the oil to “glow.” Thus, pores are detected. The 
reflectoscope tests the bearing ultrasonically to de- 
termine bonding between babbitt and shell metal. 


Cone Frustum Volume 





Calculation of the volume of a frustum of a cone is 

simplified by the use of the following formula: 
V=4DCh 

where mean diameter D = Vy (A + B) and C 

is a coefficient from the following table. 


Techniques A/B A/B C A/B 


1.022 

1.027 

1.032 

1.037 

, : 1.061 
1 x 1.083 


Tips 


and 














—KazimiErz Prucar, Middlesbrough, iia 
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design im action 





Air Turbine Powers Rotary Brush 


POWER TO DRIVE the ro- 
tary brush in this vac- 
uum cleaner is delivered 
through a lightweight tur- 
bine fan in the sweeping 
unit. Nylon turbine wheel 
with 56 curved buckets is 
injection molded in one 
piece. Low profile, de- 
signed for maximum clear- 


ance under furniture, is 
aided by flat configuration 


of fan. 


POWER IS TRANSMITTED from turbine by a timing belt that drives the brush. 
Brush wear is compensated by bearing blocks which revolve to adjust height 


of mounting. 





Turbine wheel 


Timing belt 





Nozzle plate 


Bearing 
Turbine 
shaft 


Drive 


pulley Bottom plate 





In Lightweight Tank Sweeper 


Lower mounting plate 
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AIR TO DRIVE the turbine is drawn by a 
1.5-hp electric motor housed in the tank. 
Its centrifugal fan creates enough suction to 
support a 70-in. column of water. 


LOW CLUTTERED profile of both tank and 
sweeper units is accomplished by using short 
vertical shafts with large-diameter rotors. 
Result is large capacity with low clearance 
requirement. Vacuum cleaner is Dual Deluxe 
developed by Sunbeam Corp., Chicago. Tur- 
bine molding problems were solved by Chi- 
cago Molded Products Corp. 








Atmospheric 
Diaphragm } 


ist con aghoe ph ight 
supports dead wei 
of system) 


Diaphragm 2 
Damping fluid 


Diaphragm 3 


2nd cell (pressure 
adjusted to support 
dynamic load) 


TWO-CELL WEIGHING UNIT sep- 
arates live and dead weight. 


Only live-weight pneumatic sig- 
nal (lower cell) is sent to in- 
tegrator. Continuous weighing 
system was developed by B-I-F 
Industries, Providence, R. |. 


Mechanical Computer Integrates 


Output to integrator 


WEIGHING STRUCTURE 
supports standard idler 
rollers on a hinged frame. 
Weight is transmitted to 
a pneumatic load cell. A 
special idler beneath the 
frame turns with the mo- 
tion of the belt and 
transmits rotation to the 
flexible cable. 
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Variables In Continuous Weigher 





Integrating disc 

















WHEEL-AND-DISC integrator re- 
lates conveyor belt load with 
speed for a continuous running 
total of load carried. Flexible- i Positioner 
cable coupling at the back (not 





Air input 


shown) transmits rotation, cor- 





responding to belt travel, to the 
disc. Pneumatic-pressure input, 
corresponding to net weight on 
belt, moves the wheel across the 
disc. Zero adjustment can be 
made with lead screw. 
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Air Piston Operates Chuck 


SPRING-LOADED SLOT in 
rotary table holds work- 
pieces to be operated on 
by multiple-operation 
automatic assembler. Air 


from a timed control actu- 





ates a piston to press open 








the edges of the slot as a 





pneumatic loading ram 


drives in the properly Pneumatic 
oriented piece at the bot- loading ram 


tom of the feed chute. 








INSPECTION PROBE checks 

blank for presence of hole 

vital to succeeding opera- 

tions. Absence of hole 

trips limit switch, actuat- 

ing rejection mechanism 

and alerting a memory for one cycle as this slot spring during attempted 
unit which shuts down passes its station. Too withdrawal with the same 
each subsequent operation tight of a fit compresses the result. 








Shut-off 
switch 


- 3 


Next operation 



































Limit switch 
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——— Air piston ———- 
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Chuck-operating 
piston 
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To Load Parts Automatically 








ELEVEN OPERATIONS are 
performed on a miniature 
electrical connector socket 
by the automatic machine. 
These include standard 
milling, drilling, and as- 
sembly operations as well 
as three inspection stations 
similar to the one shown. 
The socket-making machine 
was developed by Consoli- 
dated Electrodynamics 
Corp., Pasadena, Calif. 


February 18, 1960 





design im action 


Permanent Magnet in Track Bed 
Automatically Trips Train Brakes 


HEEDLESS ENGINEERS ARE DOUBLE- 
CHECKED at train signals by a mag- 
net in the track bed that trips the 
train brakes if the train overruns a 
stop sign. Normally, the permanent- 
magnet flux in the track magnet is 
neutralized by an electric coil which 
is energized as long as the ‘green 
light"’ is on. Electric power failure 
automatically stops the train 


RELEASE KEY IS PROVIDED to ener- 
gize an alternate neutralizing coil in 
the train and release the brakes, per- 
mitting the aroused engineer to put 
the train in motion when the danger 
is passed. 


Permanent-magnet train brake controls devel- 
oped by Siemens & Halske AG, Erlangen, 
Germany, are said to be simpler than induc- 
tion-type controls presently used on German 
railroads 


Release key, 


\ 


Eee 





UH 
Auxiliary \ 
relay 
| 


Train 
Track 








Engineer's 
brake valve 


Main air 
line 


* 
Emergency valve 


\ 
‘Adapter valve 


Magnetic relay 


_——Train magnet 


_—Track magnet 
Signal contact 





Demagnetizing~ 
winding 





Current 
source 
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Screws Change Angular Location of Stations 
On Versatile Indexing Table 


CAM AND BLOCK arrangement stops turntable at point predetermined by 
screw setting in a unique indexing table. The block, turning with the 
gear segment, slides over the cam's involute surface until its outward 
progress is blocked by the screw. Wedging of the cam stops forward 
motion at this point. Adjustment of screws provided at each station allows 
15 degrees variation in the position of any of the 24 stations. 


Limit switch 





Developers of the Versi-Table, 
Savage Engineering Div., The 
Lithbar Co., Holland, Mich., 
have applied for a patent on 
it. The table is made in sizes 
from 12 to 48 in. diam. Larger 
sizes with more stations are 
possible if required. 





DRIVING FORCE for the indexing motion is 
furnished by a hydraulic or pneumatic cyl- 











inder through a rack and gear segment. Its 
stroke can be lengthened to skip one, two, 
three, or five stations for a regular pattern 
of 12, 8, 6, or 4 work positions. A limit 
switch reverses action at the end of the 
recovery stroke, and its position determines 
the length of stroke. An external adjusting 
knob moves the limit switch. 
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Designing 


A new kind of coil spring 
has been introduced recently. 
This spring uses round tubing 
instead of solid wire or bar. 
Thus, it is called a tubular coil 
spring. This article presents 
data and formulas for design 
of this new type of spring, and 
discusses its application possi- 
bilities and limitations relative 
to other types of springs. 


CHARLES W. BERT 

Dept. of Engineering Mechanics 
Ohio State University 
Columbus, Ohio 


™ REAT strides have been made in the metal- 

lurgical and manufacturing aspects of coil 

springs in the past century. But surprisingly 

few changes have been made in the design con- 
figuration of these basic machine elements. 

The weight-saving characteristic of tubular mem- 
bers is well known and has long been used to ad- 
vantage in lightweight structures and torque tubes. 
Traditionally, however, coil springs have been made 
from material having a solid cross section, usually 
of either round or rectangular shape. Tubular 
springs were suggested as early as 1884 in connec- 
tion with reducing spring-material costs; but it 
has been only recently that the ever-increasing 
need for lighter weight has resulted in the devel- 
opment of such springs. 

Tubular springs have been made in the form 
of compression springs,’ Fig. 1, and torsion springs.’ 
Since compression loading is the most widely used, 
it will be given primary attention in this article. 
However, most of the information is equally ap- 
plicable to extension-type springs, with the excep- 
tion of the column-buckling data which applies 
only to compression springs. 

The advantages of the tubular spring over the 
conventional solid cross-section spring include: 


1. Lighter weight for the same load-carrying capacity, 
spring rate, or energy-storage capacity. 

. Faster release velocity. 

. Higher natural frequency. 

. Better resistance to high temperatures when internally 
cooled by a liquid coolant. 

. Greater utility in design; it can be used as a means 
of supplying hydraulic fluid for lubrication, actua- 
tion, or cooling of the machine supported by the 
spring or springs. 


1References are tabulated at end of article. 


Macuine Desicn 





Springs 


As with most machine elements, tubular springs 
also have some inherent drawbacks which limit 
their use in certain applications. These disadvan- 
tages, as compared to solid cross-section springs, are: 


1. Larger space requirement for the same load-carrying 
capacity, spring rate, or energy-storage capacity. 

2. Higher initial cost due to higher cost of material in 
tubular form and added difficulty in coiling. 





3. Greater susceptibility to torsional crippling (local 
buckling). 





Stresses: Results of a detailed stress analysis, 
based on the theory of elasticity and checked ex- 
perimentally, are given in Fig. 2 for the two ex- 
treme values of the ratio of inside to outside di- 
ameter of the tubing: B = 0 (solid) and B = | 
(thin wail). These plots show the maximum shear- 
stress factor, which is the ratio of the maximum 
shear stress in a concentrically loaded spring with 
zero helix angle to the nominal torsional stress in 
such a spring. The point of maximum stress is 
shown in Fig. 1. 

Nominal stress in a tubular spring is (see Nomen- 
clature): 








8PD 


— CR yee 1 
a7d3(1 — Bt) 





8 nom 


Note that this equation is different from the famil- 
iar expression used with solid springs. As can be 
seen from Fig. 2, there is very little difference be- 
tween the curves for B = 0 and for B = 1. This 
result means that there is very little interaction 
between the effects of coil curvature (spring index) 
and the hole in the spring. For comparison, Fig. 2 
also gives the familiar Wahl factor, which is widely 
used in the design of solid-section springs. Note 
that the Wahl-factor curve lies closer to the curve 
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for B 1 than to the one for B = 0. Thus, for 
most purposes, the Wahl factor can be used for 
tubular springs with only a small error which is 
on the conservative side. 

For all axially loaded coil springs regardless of 
whether they have solid or tubular cross sections, 
two other factors should be considered in estimating 
the strength of the spring: 1. Effect of load eccen- 
tricity on shear stress. 2. Effect of spring pitch (helix 
angle) on the maximum combined shear stress, in- 
cluding bending stress. 

The effect of load eccentricity may be accounted 
for by multiplying the calculated shear stress by 
the factor, 1 + e, where e is the ratio of the load 
eccentricity to the mean coil radius. For actual com- 
pression-type springs in which the ends are slightly 
nonparallel, this eccentricity ratio can be as high 
as 0.15. 

The effect of spring pitch is to introduce a small 
compressive bending stress at the inside of the coil 
(point A in Fig. 1) where the shear stress is a 
maximum.* When this bending stress is combined 
with the shear stress by the usual method, it will 
be found that the shear-stress factor corresponding 
to the maximum combined shear stress is larger 
than the uncombined shear-stress factor by the 


Nomenclature 





= Ratic of inside diameter to outside diameter of 
tube cross section 

= Spring index 

= D/d 

= Mean coil diameter, in. 

= Outside diameter of tube cross section, in. 

= Modulus of elasticity, psi 

= Ratio of load eccentricity to mean radius of coil 

= Total axial deflection of spring, in. 

= Critical value of deflection for column buckling, in. 

= Natural frequency of spring, cps 

= Modulus of rigidity, psi 

Gravitional acceleration, in. per sec per sec 

Free height of spring, in. 

Shear-stress factor 

Deflection factor 

End-fixity factor 

Number of active coils 

Applied axial load, lb 

Critical column buckling load for spring, Ib 

Tangent of helix angle 

= Nominal shear stress at which torsional crippling 

occurs, psi 

Maximum combined shear stress, psi 

Nominal shear stress, psi 

Tubing wall thickness, in. 

Initial release velocity of spring, in. per sec 

Unit energy-storage capacity of spring, in.-lb per lb 

Specific weight of spring material, ]b/in.° 
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value p?/2. Since the maximum stress is developed 
in a compression-type spring when the helix angle 
is smallest, this correction may be neglected in 
many practical cases involving compression springs. 

For instance, for a compression spring with a 
spring index of only 3 (which is a much smaller 
value than should be used in a good design) and 
a minimum coil clearance of 20 per cent of its sec- 
tion diameter, the pitch effect increases the shear- 
stress factor only 0.8 per cent. For larger spring 
indexes and smaller clearances, the effect would 
be even smaller. 

In summary, the maximum combined shear stress 
in a tubular spring can be calculated from 


p? | 8PD 


—_ 2 
2 7 d3(1 — B4) oF 


Smax = | xa +e) + 


Deflection: In the theoretical and experimental 
investigation mentioned previously,’ it was also 
shown that axial deflection of a tubular spring, in- 
cluding effect of spring pitch, can be expressed as 


8KrPDIN 


—— (3) 
Gd4(1 — B*) 


where the deflection factor, Ky, is given by 


3 3B? 
+ 
16 C2 8C?2 





Krp=1- + 1.27 p? 
when Poisson’s ratio is 0.30. 

In solid-section spring design, it is customary to 
use a deflection factor, Ky = 1, since the loss of 
accuracy due to this approximation is usually less 
than the uncertainty in the value of the mod- 
ulus of rigidity of the material. Equation 4 shows 
that the deflection factor for any tubular spring 
(B > 0) is always greater than that of a solid 
spring (B = 0) having the same spring index and 
pitch. Thus, the practice of using a value of unity 
for the deflection factor may not always be justified 
for tubular springs. 


Column Buckling: From the results of theoreti- 
cal and experimental studies on the lateral buck- 
ling of solid-section compression springs by Har- 
ingx,* it can be shown that the critical column- 
buckling load of a tubular compression spring can 
be estimated by 

P Fer 


P., = — H (5) 
F H 


where P/F is the spring rate. From Equation 3, 


for Ky = l, 


P Gd4(1 — Bt) 
cee te (6) 
F 8D°9N 


Fig. 3 gives a plot of F,,/H as a function of ratio 
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mH/D for compression springs having a circular 
cross section, either solid or hollow. The end-fixity 
factor m depends upon the type of end supports as 
shown by the listing in Fig. 3. 

Although the type of end support in compression- 
spring applications is usually considered to corre- 
spond to Case 3 (Fig. 3), this arrangement is 
strictly applicable only when the ends are parallel. 
In practice, the nonparallel ends are free to rotate 
(or tilt) as in Cases 1 or 4. Even though at higher 
loads the ends touch the supports and become fixed, 
additional end moments have already been intro- 
duced. These moments reduce the actual buckling 


load to a value smaller than that calculated accord- 
ing to Case 3(m = 1/2). Thus, for conservative 
design, actual compression-spring installations 
should be considered to have Case 1 supports. 


Local Buckling: If a tubular spring has a wall 
thickness which is too small relative to the tube out- 
side diameter, several kinds of local buckling or 
elastic instability may occur. The first kind is flex- 
ural crinkling (wrinkling) which may occur dur- 
ing the coiling process if adequate precautions are 
not taken. This wrinkling can be prevented by fill- 
ing the spring with a low melting-point alloy be- 


B=0 (solid st ei ona? 


B=1 (thin wall) 


Wah! factor, A= 4E-1 , 0.615 
4c-4* 
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fore coiling. After the spring has been coiled, the 
alloy may be removed by heating. 

Torsional shear crippling is a kind of local buck- 
ling or wrinkling which may occur during service 
use of the spring if the wall is too thin. However, 
to the best of the author’s knowledge, no analysis 
of this problem has ever been made for a curved 
tube such as a tubular spring. Until such time as 
this study is carried out, the best available means 
for estimating when shear crippling will occur is 
to adapt the results of studies of torsional crippling 
of straight, thin-walled, circular tubes.* 

Since the curvatures in two perpendicular direc- 
tions at the inside of the coil (point A in Fig. 1) 
are opposite in sign and thus detrimental to elastic 
stability, critical stress in a thin-walled tubular 


spring is believed to be lower than that in a straight 
torque tube of the same cross-sectional dimensions. 
Therefore, it is suggested that shear-stress factor 
K, Fig. 2, be used as the reduction factor to ac- 
count for the lower buckling stress of a curved 
tube as compared to a straight tube. Then, assum- 
ing Poisson’s ratio to be 0.3, the nominal stress at 
which crippling occurs is estimated as 


E t \3/2 
8, = 0.715 —— (—~) (7) 
K d 

The axial load corresponding to this stress level 
is calculated by solving Equation 1 for load P, 
where Snom = So. 

Use of internal pressure in a tubular spring has 
been suggested as a way to reduce wall thickness 


End-Fixity Factor, ™ 





End Conditions 





Both ends hinged 





Parallel ends not restrained laterally 





Both ends clamped 








One end clamped, other end free 











c 
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Table 1—Comparative Data for Replacement of 
Solid-Spring Nest with Single Tubular Spring 





Single 


Solid-Spring Nest Tubular Spring* 





Individual Spring Data 
Outer Spring Inner Spring 
0.375 0.570 
3.10 4.05 
8.27 7.10 
14 ll 
13.06 14.12 
109,000 120,000 


KSnom(psi) f ° 109,000 


Unit Performance Data 


1576 1700 


Total weight (Ib) 11.75 7.50 





*B—0.509 
tAt Maximum load 


with a corresponding saving in weight. It is true 
that the use of a pressuring medium results in a 
thinner permissible wall thickness. However, for 
the thinner-wall pressurized spring to carry the 
same load as the thicker-wall unpressurized spring, 
the tubing outside diameter must be increased. As 
it turns out, the increase in weight of metal due 
to the increase in tubing outside diameter exactly 
cancels the saving in weight of metal due to the 
decrease in wall thickness. Thus the pressurized 
spring is always heavier in total weight, because of 
the weight of the pressurizing medium itself, even 
if helium is used. 


Energy-Storage Capacity: For a tubular spring, 
the energy-storage capacity per unit weight is 
Snom? 


U=- 1+ B2 8 
we ) (8) 


Release Velocity: The initial release velocity of 
a spring is the velocity at which it begins to move 
when it is suddenly released from some deflected 
position. The initial release velocity of a tubular 
spring compressed to a nominal shear-stress level 
Snom is 


% 
V;, = Snom [ (1 + B?) ] (9) 


274 
Since B is nearly equal to unity for very thin-walled 
springs and B is zero for solid-section springs, the 
maximum potential increase in release velocity for 
a tubular spring over a solid one is approximately 
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41 per cent. In applications where high release ve- 
locity is required, this increase is quite important. 


Natural Frequency of Vibration: When a spring 
is repeatedly loaded at a frequency which is at or 
near its natural frequency, it undergoes resonance 
or surging. In applications such as valve springs 
or suspension springs, the natural frequency should 
be higher than the maximum operating frequency 
to prevent resonance. For a tubular spring, the 
natural frequency is 


1 [ Gg ie 
dt one (1 + 2 10 
f oa0 2y ( ) (10) 
This expression shows that it is potentially possible 
to increase the natural frequency 41 per cent by 
using a tubular spring of the same material and 
spring index as the original solid-section spring. 


Design Comparison: The weight saving resulting 
from the use of tubular springs instead of solid 
springs is illustrated by the following equations, 
which were all obtained from the basic expression 
for unit energy-storage capacity of a tubular spring: 


(11) 








Spring weight 2 ( 7G ) FP me 


Maximum load Sunt 1+ B? 


Fmazx* 


1 + B2 








Spring weight _ ( YG ) 
Spring rate 2 


(12) 


Snom 


=4( es} 1 
« 2/ 1+ B2 


Snom 
... (18) 


Thus, the ratio of the weight of a tubular spring 
to that of a solid spring is 1/(1 + B?), provided 
that certain quantities are the same for both springs: 
G and y (spring material); Fmnaz; Snom (spring index 
and material); and one of the three performance 
parameters, maximum load, spring rate, or energy- 
storage capacity. 

In many spring installations, design dimensions 
must be optimized to achieve a particular desired 
performance objective, such as maximization of ini- 
tial load or maximum load, or the ratio of initial 
or maximum load to spring weight. Fortunately, 
the optimum spring indexes to achieve these objec- 
tives are not affected by the presence of a hole in 
the cross section. Thus, the same methods used 
for optimum design of solid springs can be used 
to optimize the design of tubular springs. 

If a single solid spring in an existing installation, 
with fixed space and deflection requirements, is to 
be replaced with a tubular spring, the new instal- 
lation will not carry as much load as the original 
installation unless a higher stress level is permis- 
sible. Although the tubular spring carries less ac- 
tual load, it has a higher ratio of load to spring 


Spring weight 








Energy-storage capacity 
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weight. As a result, use of tubular springs should 
be considered in the initial design stage of a new 
product, so that proper space provisions can be 
made. If a tubular spring in which B = 0.707 is 
used, for example, it will carry 50 per cent more 
load than a solid spring of the same weight, de- 
flection, spring index, and material. However, the 
tubular spring will require 41 per cent more di- 
ametral space and 41 per cent more axial space. 

When a single tubular spring replaces a concen- 
tric nest of solid springs, these difficulties usually 
are not encountered. The reason is that a spring 
nest usually has a larger outside diameter than a 
single-spring installation; thus, there is more di- 
ametral space available for the tubular spring. An 
example of the replacement of a two-spring nest 
with a single tubular spring is given in Table 1. 
These data represent actual spring designs that were 
made up for comparison tests. 

The single tubular spring occupied the same space 
envelope and was subjected to the same operating 
deflection as the original two-spring nest. As indi- 
cated in the tabulation, use of the tubular spring 
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resulted in a 36 per cent reduction in weight. At 
the same time the maximum load capacity was 
increased 8 per cent. This increase in load capacity 
is due mainly to the use of a stronger material 
which permitted a 10 per cent increase in maximum 
stress level. 

The tubular spring and the original nested-spring 
set were installed in identical housings and simul- 
taneously subjected to identical cyclic deflections in 
a test rig to simulate actual service. After 100,000 
cycles, neither the tubular spring nor the original 
nested springs showed any signs of fatigue cracking. 
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Finding Polygon Areas 


The area of a polygon can be easily found by 
reducing it to a triangle of equal area. The method 
can be used with a polygon of any number of sides 
and is based on the fact that the area of a triangle 
is half of the base times the altitude, a. For the poly- 
gon shown, first extend JB to reach point QO, sketch 
b. PQB replaces PGB, and the polygon has lost one 
side, c. Continue the process until the polygon is 
reduced to a triangle KMF, sketch d, equal in area 
to original polygon.—Francis J. Burns, professor, 
Newark College of Engineering, Newark, N. J. 
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Trisecting 
A Line 


to find C and D. 


3. Draw lines through C and D 30 deg to sides, 


intersecting base at E and F. 
4. AE = EF = FB 


—Ftioyp M. CLeve ann, Inkster, Mich. 


A geometric method of dividing a line into three 
equal parts is given by the following procedure: 

1. Erect perpendiculars at ends A, B. 

2. Draw lines through A and B at 30 deg to base 
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Recommended metal 


combinations to avoid .. . 


Galvanic 
Corrosion 


EUGENE D. VEILLEUX 


Mechanical Engineer 
Sanders Associates Inc. 
Nashua, N. H. 


ALVANIC corrosion results when two dis- 
similar metals come into contact with an 
electrolyte. Rate of corrosion depends upon 

the potential difference between the metals and 
the type of electrolyte. Galvanic corrosion can be 
minimized, if not eliminated, by combining two 
dissimilar metals of the least potential difference. 

Metals can be chosen for minimum potential dif- 
ference by using a galvanic-series chart, Fig. 1. 
The chart grades metals from least corrosive 
(cathodic) to most corrosive (anodic). All metals 
in one group are comparatively free from corro- 
sion when combined with another member of the 
same group. The line of least galvanic attack is 
formed by the intersection of identical metals, whose 
combination results in least potential difference. The 
hatched area is a region of permissible corrosive 
action. Any combination of metals whose intersec- 
tion lies outside of the hatched area represents a 
combination high in corrosive activity, which re- 
quires protective coating. 

As the worst example, magnesium or its alloys 
are highly anodic, and should not be used with 
other materials without protective coating for one 
or both metals. 
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GALVANIC CORROSION 


DATA SHEET 
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Brightness is Not Enough 


Wheel covers must be more than just bright. They must have 
strength, spring temper, durability and low unit cost 
in volume production. 


Other materials may claim some of these characteristics, but only 
stainless steel actually possesses all of them — and has a 
performance record to prove it. 


It is easy to make cheaper wheel covers. Just forget that customer 
complaints, lost goodwill and the inevitable replacement of parts 
eventually show up on the balance sheet. 


In wheel covers there is no substitute for stainless steel’s lasting 
brightness, strength and durability. 


SK Plants and Service Centers: 


Los Angeles * Kenilworth (N. J.) * Youngstown « Louisville (Ohio) « Indianapolis « Detroit 





Can you name the cars represented by these stainless steel 
wheel covers? A postcard request will bring you the answers. 


STAINLESS 


Jones & Laughlin Steel Corporation «+ STAINLESS and STRIP DIVISION « 


SHEET + STRIP > BAR > WIRE 


Box 4606, Detroit 34 





High-Temperature Bearing Materials 


ACED by the requirements of 

gas-turbine engines, a growing 
number of products require mate- 
rials for high-speed parts operat- 
ing at high temperatures. Parts 
moving at high speeds necessarily 
require high strength. For antifric- 
tion bearings, other requirements 
are: Hardness, wear and gall resist- 


©. W. McMULLAN 
Director of Research and Development 
Bower Roller Bearings Div. 
Federal-Mogul-Bower Bearings Inc. 
Detroit, Michigan 


ance, and dimensional stability be- 
yond the capacities of the more 
commonly used metals, both ferrous 
and nonferrous. 

Since steel is the major constit- 
uent in most antifriction bearings, 
this paper will deal mostly with 
steel and its heat treatment. For 
this discussion, materials for anti- 


friction bearings are classified ac- 
cording to loosely defined temper- 
ature limits: Up to 450F, 600F, 
1000 F, 1500 F, and above 1500 F. 


Conventional Steels: For the 
group up to 450F, conventional 
bearing steels, such as SAE 52100 
and 4620, can be used. At higher 


Table 1—Composition of High Temperature Steels 





Steel 


Mn 


Si 


Cr 


Mo 





a. Up to 600 F: 
MHT 

TBS-600 
CBS-600 

C 

b. Up to 1000 F: 
T-l 


M-1 


M-2 


M-10 
M-50 
Halmo 
VSM 
315 
c. 800 to 1000 F: 
51440C 
Modified 


0.95-1.10 
0.95-1.10 
0.17-0.22 
0.17 


0.65-0.75 
0.75-0.85 
0.78-0.88 
0.85 
0.80 
0.58 
0.70 


0.10-0.15 


0.95-1.20 
0.95-1.20 


0.25-0.45 
0.60-0.80 
0.50-0.70 
0.55 


0.20-0.40 
0.20-0.40 
0.20-0.40 
0.25 
0.30 
0.30 
0.50 


0.40-0.60 


1.00 max 
1.00 max 


0.25-0.55 
0.85-1.20 
0.90-1.25 
0.30 

0.20-0.40 


0.20-0.40 


0.20-0.40 


3.75-4.50 


3.75-4.50 


4.00 
4.00 
5.00 
3.00 
1.35-1.75 


16.00-18.00 
14 


0.25-0.35 
0.90-1.10 
2.98 


7.75-9.25 
4.50-5.50 


8.00 
4.25 
5.25 
5.25 
4.80-5.20 


0.75 max 
4 


: 17.25-18.75 
0.90-1.30 


: 115-185 
0.90-1.30 
: 5.50-6.75 
1.60-2.20 
2.00 
1.00 
0.65 


Ss <2 <2 << 


: 2.60-3.00 


2: 
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RARE SAND PROVES BEARING DESIGN 
in new 100,000-mile test! 


The automotive shaft bearing above has just completed the 
equivalent of 100,000 miles of dusty backroads travel. For 
hours, it’s been alternately spun and stopped in this special 
mud... mud composed principally of a rare type of Arizona 
sand, so fine it penetrates almost anywhere water can go. 


The particles of this unique sand are so small that, mixed with 
water, even filtering won’t remove them all. They’re highly 
abrasive, too—so much so that bearing failure quickly occurs 
whenever particles penetrate into a bearing raceway. Though 
several score of spin-and-rest cycles in this bath are equal to 
100,000 miles of heavy-duty use on the road, the BCA bear- 
ings tested on this machine consistently stand up under many 
more cycles, before failure from sand penetration. 


BEARINGS COMPANY Sate 
OF AMERICA 
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This test is typical of the many being conducted in BCA’s 
new testing laboratories for BCA customers. Here, and in the 
expanded research laboratories, testing of bearings to exceed 
customer specifications is a daily occurrence. Often test 
equipment is specially built to exactly duplicate equipment in 
the customer’s plant. 


BCA provides a wide range of ball bearing sizes and types 
for nearly every kind of industry. This, plus extensive new 
research, testing, and precision production facilities make 
BCA a dependable source of long-life bearings. 

For information, write Bearings Company of 

America, Division of Federal-Mogul-Bower Bear- 

ings, Inc., Lancaster, Pennsylvania. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 


bearings 
BEARINGS, INC. 
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temperatures, their hardness drops, 
and they do not have the required 
wear resistance and _ endurance. 
Since strength varies directly with 
hardness, and since hardness and 
volume changes occur simultaneous- 
ly, hardness tests can be used as a 
measure of endurance and dimen- 
sional stability. 

Bearing components must be tem- 
pered, before final grinding, at a 
temperature above the maximum 
expected in operation. Since tem- 
pering is time-sensitive as well as 
temperature - sensitive, either the 
tempering time or the temperature 
must make the parts dimensionally 
stable at maximum operating tem- 
perature. Normal tempering time at 
about 50 F above the maximum tem- 
perature during operation has proved 
to be satisfactory. This, of course, 
lowers the hardness and endurance 
limits of the conventional bearing 


NATIONAL 
RETAINING RINGS 


simplify 


your ; 
;. TYPICAL APPLICATION 
designs! | National Reta 


R 
f 


aster 


- ENGINEERING 
National Retaining Rings have effected important ASSISTANCE « 
economies in a wide range of applications from end aWin 
heavy duty machinery to toys. Elimination of 
machining, threading, nuts and cotter pins are 
typical advantages. In many applications, reduced 
space and weight requirements and substantial 


savings in material can be accomplished with 
these easy-to-install retaining rings. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 


Circle 492 on Page 19 





The most frequently used ref- 
erence for design and manu- 
facturing data. For 45 years 
“The Bible of the Mechanical 
Industries." Over 1,250,000 
copies sold. 


ARE YOU USING THE LATEST EDITION 
OF YOUR INDUSTRY'S MOST COMPLETE 
DESIGN AND PRODUCTION HANDBOOK ? 


New 16th Edition — 1959 — Enlarged and 
revised, with 192 pages added and over 500 
completely new pages of information. 


Latest, most accurate data — The proven 
data you need. Covers the principles, practices 
and up-to-date standards of design and manu- 
facture you use every day on the job. 


Compact, convenient, comprehensive — 
The 2104 pages of MACHINERY'S HANDBOOK 
put the facts at your fingertips in one easy-to- 
use, thumb-indexed volume. 


Order your copy today! 
$0 








THE INDUSTRIAL PRESS, 93 Worth Street, New York 13, N. Y. 


( Please send me 


copies of the 16th Edition of MACHINERY'S HANDBOOK 
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[1] Send under 5-day free inspection plan. (U.S. & Canada only) 
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steels and puts somewhat more re- 
strictive limits on their application 
than indicated by the maximum 
operating temperature. 


Middle-Range Steels: For temper- 
atures above those for which steels 
SAE 4620 and 52100 are suitable, 
two courses are open for bearing 
producers. One is to select existing 
compositions that have been used 
for other purposes at elevated tem- 
peratures. The other is to develop 
new compositions. Both courses are 
followed. There has been a general 
tendency in the bearing industry to 
select compositions that keep to a 
minimum the more highly strategic, 
scarce, and more costly alloying ele- 
ments. For this reason cobalt and 
tungsten were not included in some 
studies of bearing alloys. 

In a Bowers search for high-tem- 
perature steels, preliminary tests in- 
dicated the need for more _ basic 
knowledge about the effect of in- 
dividual alloying elements. At 550 F 
and at 700F, nickel promotes soft- 
ening, and on a hardness basis is 
not a suitable alloying element. 
Aluminum, molybdenum, and sili- 
con promoted retention of hardness. 
Compositions of steels that will 
maintain a hardness of Rockwell 
60C after tempering at 600 F appear 
in Table la. 


High-Temperature Steels: Steels 
in the third group are suitable for 
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The raceway of a Federal Ball Bearing is de- 
signed to do just what its name implies—provide 
a track around which balls can whirl at lightning 
speeds, without fatigue. To make sure they do, 
every Federal Bearing starts with. tough SAE 
52100 steel. Scores of production and quality 
control steps later, a perfect ball bearing 
emerges, primed to perform its high speed tasks. 


MIGHER SPEEDS 


Smoothly. Quietly. Efficiently. And where do 
we send these smooth, quiet, efficient bearings? 
Our customer list is a veritable who’s who of 
American industry. We’d like to include your 
name, too. Our catalog lists over 12,000 ball 
bearing sizes and hundreds of types. Send for 
it today. 


THE FEDERAL BEARINGS CO., INC., Poughkeepsie, N. Y. 


One of America’s 
largest ball bearing 
manufacturers 


— FRederat 


BALL BEARINGS 


FEDERAL ON FILM—A 16 mm. color sound _ 
takes you through our 400,000 sq. ft. piant 
Loaned free. Just ask for it. 








THE JOB’S THE THING 


with a 
SUPERIOR SPECIFICATION SHEET 


It always makes a difference — may make 
a great deal of difference — what brush 
grade you assign to that all-important job, 
and just how that correct grade is put to 
work. Behind every Superior carbon brush and every 
Superior recommendation stands a 40-year experience 
with hundreds of brush grades. Ask a Superior rep- 
resentative to furnish you with a minutely filled out 
Superior Specification Sheet. You'll get optimum per- 
formance at the lowest cost. . . The job’s the thing. 


Ask for “Get the Most Out of Your Carbon Brush” 


CPslOr CARBON PRODUCTS, INC. 


9115 GEORGE AVENUE - CLEVELAND 5, OHIO 


~—v 
AY 


BRUSHES « 
POWDER METAL PARTS « MECHANICAL CARBONS 


CONTACTS e« SLIP RING ASSEMBLIES 
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use in the range of 600 to 1000 F. 
Their applications, however, are 
usually in the range of 400 to 600 F 
because of a lack of suitable liquid 
lubricants above 600 F. The analyses 
of a number of such steels are listed 
in Table 1b. 

Suitability of steels in this group 
is based on the hardness after tem- 
pering. However, hardness is not 
the only criterion for selecting a 
steel for use up to 1000 F. For ex- 
ample, all of those listed in Table 
1b are subject to oxidation and 
scale formation unless protected by 
a lubricant or inert atmosphere. 


Stainless Steels: When oxidation 
may occur or corrosive media are 
encountered, stainless properties are 
necessary. SAE 51440 C or modifi- 
cations are used. These steels are 
subject to some oxidation as temper- 
atures increase, but have been found 
useful at 800 to 1000 F. Chemical 
compositions of 51440 C and a 
modification are given in Table lc. 

Ferrous-base alloys become un- 
satisfactory at temperatures above 
1000 F. The so-called “superalloys” 
are nonferrous, with base composi- 
tions of cobalt, chromium and mo- 
lybdenum. Some have had use up 
to 1500F or higher. 


Cermets and Ceramics: The “hot- 
test” group includes cermets and 
ceramics. Titanium carbide appears 
to be the most successful. Tungsten 
carbide is entirely unsuitable be- 
cause it oxidizes and flakes badly 
when exposed to air at high temper- 
atures. Chromium carbide is rather 
sensitive to both thermal and phys- 
ical shocks. Control of the size and 
shape during sintering are difficult, 
and diamond grinding is slow and 
expensive. Ceramics for bearings are 
in the experimental stage. 


Heat Treatment: It is desirable 
to use a case-hardened steel for high 
temperatures. Some objectives are 
to develop a steel that would: 


1. Contain only the more readily avail- 
able alloying elements. 

2. Carburize readily to a sufficiently 
high percentage of carbon. 

3. Have a composition that could be 
carburized and hardened in produc- 
tion type furnaces rather than special 
equipment such as tool hardening 
furnaces for speed steel. 
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Thermal treatments are normally 
used to decompose excessive auste- 
nite. Single tempering, however, re- 
gardless of time or temperature, may 
be unsatisfactory. Multiple temper- 
ing in short periods of not more 
than one or two hours each can 
produce a transformation product 
(martensite) with the required 
degree of hardness. 

The optimum temperature for 
multiple tempering depends on the 
per cent and kind of alloying ele- 
ments. For steel No. 315, tempera- 
tures up to 800F are too low to 
cause little if any transformation, 
whereas 1100F is so high as to 
cause undesirable softening of the 
reaction product. The best temper- 
ature was found to be 1000F for 
this steel. 


SAE Paper No. 122A presented at the 
SAE Annual Meeting, Detroit, Mich., Janu- 
ary, 1960, 9 pp. 





management 


Administration of Research 
And Development Projects 


Howard L. Mills, Specialist, Engineer- 
ing Programs, Flight Propulsion Div., 
General Electric Co., Evendale, Ohio 


Long-accepted management meth- 
ods adapted to research and devel- 
opment’s needs for flexibility. Con- 
trol of any function, regardless of 
its nature, depends upon an un- 
broken cycle of processes. In this 
discussion they are called planning, 
operation, measurement, and analy- 
sis. Each of these elements must 
feed directly into the next, with 
the results of “analysis” going back 
as an essential ingredient for the 
next round of “planning.” While 
this “management cycle” remains 
intact, there can be effective con- 
trols. 


ASME paper No. 59-A-246 presented at 
the Annual Meeting, Atlantic City, N. J., 
November-December, 1959, 5 pp. 


techniques 


Reliability Design Criteria 

]. M. Brown, H. L. Leve, and P. H. 
White, Design Integration Dept., 
Hughes Aircraft Co. 


Practical procedures for obtaining 
more. use of environmental and 


February 18, 1960 
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NEW VIKING 
MOTOR-MOUNTED PUMP 


1's 
COMPACT! 


Ya - 1%. -3 G.P.M. SIZES 


Now you have this new line of Viking ‘656’’ motor- 
mounted pumps available to answer your needs for more 
compact, lighter weight, integrally mounted units. They’re 
suitable for such applications as pressure lubrication, filtra- 
tion, circulation and transferring of liquids up to 1500 S.S.U. 
Include these new small capacity pumps in your plans with 
confidence—they’re all built with the famous Viking ‘‘gear- 
within-a-gear’’ principle. 


® Steel fitted, bronze fitted, all bronze 
® Mechanical seals or conventional packing 


® Single phase 1750 R.P.M. motors—open or 
explosion-proof— 1/4, 1/3, 1/2 or 3/4 H. P. 


® All sizes use same mounting flange bracket 


For more complete information, write for bulletin SP509H 
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‘| VIKING PUMP COMPANY 


Cedar Falls, la., U.S.A. + In Canada, It’s ‘‘ROTO-KING’’ Pumps 
See Our Catalog in Sweet's Product Design File 
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strength estimates for design pur- 
poses. In design, there are essen- 
tially three types of test procedures 
giving estimated parameters, three 
idealizations of these test types in 
which the estimated parameters are 
regarded as true parameters, and 
a single discrete value idealization 
of test results, a total of seven 
strength and seven environment 
types. Hence, there are forty-nine 
different design procedures. An ex- 
ample is given of the design pro- 
cedure for an environment which 
is a single discrete value and a 
strength distribution which is esti- 
mated from results of tests for vari- 
ables. 


SAE Paper No. 101V, presented at the 
SAE National Aeronautic Meeting, Los 
Angeles, October, 1959, 17 pp. 


materials 


Spark-Hardening of Metals 


N. C. Welsh, Research Laboratory of 
Associated Electrical Industries Limited, 
Aldermaston, Berkshire, England 


Influence of electric sparks on the 
structure and hardness of metal sur- 
faces. A vibrating electrode is used 
to generate the sparks. Each spark 
fuses a small volume of metal, 
which rapidly chills when the dis- 
charge ceases. Steel surfaces are 
hardened by the thermal cycling, 
but evidence is given that elements 
derived from the sparking medium 
accentuate the hardness change. 
Thus, nitrogen from the atmosphere 
or carbon from an oil promote 
hardening even in pure iron. The 
same elements confer great hard- 
ness on metals such as titanium 
and zirconium, which react chemi- 
cally to form hard compounds. Sur- 
face alloying also occurs by the 
transfer of matter between the 
sparking contacts. Experiments with 
sintered-carbide electrodes show 
that very hard, wear-resistant lay- 
ers can be formed on most engi- 
neering metals. 


Paper No. 1951, Journal of the Institute 
of Metals, Vol. 88, 1959-60, pp. 103 to 111. 


Seal Materials for 
High Temperature Applications 
R. H. Baskey 


Rotating seal materials developed 
by powder metallurgy techniques 
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for applications at high speeds and 
high temperatures. A systematic 
wear study, without lubrication, in- 
cluded several commercially avail- 
able materials and the following 
types of experimental materials: 1. 
Pure refractory hard metals, 2. Bi- 
nary alloys of refractory hard metals 
bonded with nickel. 3. Ternary al- 
loys of refractory hard metals bond- 
ed with nickel and infiltrated with 
silver. Two ternary alloys, contain- 
ing nickel-bonded WB or CrN and 
infiltrated with silver, showed su- 
perior wear qualities against either 
tool steel or a_nickel-chromium- 
iron alloy at a sliding speed of 
29,000 fpm under a 14 psi load and 
at ambient temperatures as high as 
1300 F. A commercial titanium car- 
bide composition showed excellent 
wear characteristics in contact with 
an identical composition at a slid- 
ing speed of 14,000 fpm under a 
16 psi load and at an ambient tem- 
perature of 1050 F. 


ASLE paper No. 59LC-8 presented at 
the ASLE/ASME Lubrication Conference, 
New York, N. Y., October, 1959, 30 pp. 


Sliding Characteristics of 
Metals at High Temperatures 





M. B. Peterson, J. ]. Florek, 

and R. E. Lee 
Friction and wear characteristics | 
of a number of metals sliding | 
against themselves. With iron, cop- | 
per, nickel, molybdenum, and chro- | 
mium, high friction and consider- | 
able surface damage resulted until | 
a particular transition temperature | 
was reached. Above this tempera- 
ture, a considerable improvement in | 
the sliding characteristics was ob- 
served. The transition temperatures | 
for the various metals were: Iron, | 
100-200 F; copper, 400-500 F; nick- 
el, 1200-1400 F; molybdenum, 800- 
900 F; and chromium, 800-1100 F. 
This improvement was associated 
with the generation of oxide in the 
sliding track. When tested as lu- 
bricants, a number of the metal ox- 
ides were effective in reducing fric- 
tion and preventing surface dam- | 
age. Since the softer oxides were the | 
more effective it was hypothesized | 
that metals which form these oxides | 
would have the best sliding charac- 
teristics at high temperatures. | 

ASLE paper No. 59LC-5 presented at 





February 18, 1960 


@ DRAFTSMEN CAN 
STRAIGHTEN UP AND DO 


BETTER, FASTER WORK! 





Bruning’s all-new Neoglide drafter literally puts draftsmen in a 
position to do better, faster work.* It provides complete maneuver- 


| ability on any board at any angle without adjustment! Reinforced 
| U-Beam construction offers amazing rigidity, strength, and accuracy. 
| Yet resistance-free movement of the counterweight and vertical 


beam provide free-and-easy “floating” action. Touch-control protrac- 
tor head gives automatic, pin-point angle selection. Mail coupon 
now to put yourself in a position to save time and money with 
all-new Neoglide! 





* Study of 300 draftsmen showed Charles Bruning Co., Inc. Dept. 2-W 


35% savings on drawing time — 1800 Central Rd., Mt. Prospect, Ill. 
1/5 the backaches— on vertical = cs epee eel 
or near vertical boards. Offices in principal U.S. Cities 


In Canada: 103 Church St., Toronto 1, Ont. 
Please send me more information about your all-new 
Neoglide drafters. 


(B RUNI NG ) Nome Title 


Cc 














7 


Address 





City 

















Circle 498 on Page 19 





: aes 


=>. o-Von slice 1) -) 0-19. ee 


symbol of product quality 


1 


At PARCO, exacting research precedes ali production 
endeavors. Customer requirements are first firmly 
established by investigating his uses and the problem 
areas that accrue therefrom. Then, whether the 
requirements are for exacting ‘‘O’’ Rings, custom 
molding, or rubber to metal bonding, the data is 
scientifically analyzed. 


This leads to the development of a specific compound 
formula for meeting specific requirements. 
Subsequent research results in exacting production 
techniques to be used with the formula involved. 

The net result is an ‘“‘engineered product,”’ 
completely compatible with customer requirements. 


This is why, at PARCO, exacting research is a symbol 
of product quality! 


Send today for your free PARCO Pic-O-Ring desk/wail chart. 
A must when “O” Rings are concerned. 


PLASTIC AND RUBBER PRODUCTS COMPANY 
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the ASLE/ASME Lubrication Conference, 
New York, N. Y., October, 1959, 14 pp. 


mechanical 
Shear Buckling of Bars 


G. Hermann, Associate Professor of 
Civil Engineering, Columbia Univer- 
sity, New York, N. Y., and A. E. 
Armenakas, Associate Professor of 
Civil Engineering, Cooper Union, 
New York, N. Y. 


A perfectly straight bar, subjected 
to a state of uniform shear stress, 
will buckle, in a manner similar to 
a column under compression, if the 
shear stress exceeds a certain criti- 
cal value. The buckling equations 
are obtained by the Newtonian ap- 
proach, and also by the application 
of the principle of minimum poten- 
tial energy. In order to provide ad- 
ditional insight into this buckling 
mechanism, a simple model is in- 
troduced and analyzed. 


ASME paper No. 59-A-152 presented at 
the Annual Meeting, Atlantic City, N. ]., 
November-December, 1959, 3 pp. 


Strength of Gear Teeth 
By Cantilever-Plate Theory 


E. J]. Wellauer, Director, and A. Seireg, 

Advisory Engineer, Research and De- 

velopment, The Falk Corp., Milwaukee. 
A semiempirical solution for a can- 
tilever plate under transverse loads 
at any location on its surface. The 
solution, which is based on the prin- 
ciple of superposition, and a pro- 
posed moment-image method shows 
good agreement with results from 
strain-gage investigations on can- 
tilever plates simulating the gear 
tooth. The effects of the position 
of the line load and the variation 
of load intensity on the stress dis- 
tribution at the root are discussed. 


ASME Paper No. 59-A-50, presented at 
the Annual Meeting, Atlantic City, N. ]., 
November, 1959, 8 pp. 


Refining Finite-Difference 
Calculations in Kinematics 
Bernard W. Shaffer, Professor of Me- 
chanical Engineering, New York Uni- 
versity, New York, and Irvin Krause, 
Dept. of Drafting, City College of New 
York. 

First and second finite-difference ex- 

pressions are derived for the first 

three derivatives of displacement 
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with respect to time. The numerical 
results obtained by applying these 
difference expressions to a specific 
cam-follower mechanism are found 
to be in good agreement with the 
values obtained by successive differ- 
entiation of the displacement-time 
equation. Procedures are provided 
for evaluating and improving the 
numerical results. 


ASME Paper No. 59-A-53, presented at 
the Annual Meeting, Atlantic City, N. J., 
November, 1959, 4 pp. 


Performance of 
Hydrostatic Thrust Bearings 


R. C. Elwell and B. Sternlicht, Gen- 
eral Engineering Laboratory, General 
Electric Co., Schenectady, N. Y. 


Two types of circular hydrostatic 
thrust bearings using incompres- 
sible lubricants. Design equations 
for load-carrying capacity, stiffness, 
and flow, are obtained for three 
different types of flow restriction— 
orifice, capillary, and constant flow. 
The equations are verified by experi- 
ment. Each method of restriction 
imparts its own characteristics on 
the bearing performance. Constant 
flow, for instance, results in the 
stiffest bearing under certain condi- 
tions, and capillary restriction is un- 
affected by temperature changes. 


ASME paper No. 59-A-152_ presented 
at the Annual Meeting, Atlantic City, 
N. J., November-December, 1959, 7 pp. 


Combined Operation of Diesel 
Engines and Gas Turbines 


Ernest Chatterton, Design Consultant 


Potential performances attainable 
from three arrangements for both 
two-cycle and four-cycle engines 
with and without charge cooling. 
The arrangements are: Turbocharg- 
ing, compounding, and the gas gen- 
erator. Conclusions are: 

1. Use of high air manifold pres- 
sures in a combination of a diesel 
engine and a gas turbine permits 
the use of greatly increased specific 
power outputs without the neces- 
sity for exceeding established prac- 
tical limitations. 

2. The two-cycle engine gives a 
better response to a turbine than 
the four-cycle engine, particularly 
at higher manifold pressures. 

3. The simple “turbocharged” 
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For Hydraulic and Pneumatic Applications 


Nothing rolls like a Bellofrant 
Rolling Diaphragm. it’s frictioniess! 


The Bellofram Rolling Diaphragm provides ultrasensitive response in 
hydraulic or pneumatic devices where frictionless, long-stroke action in 
small-diameter configurations is required ... and where flex life of mil- 


lions of cycles is necessary. 


These desiderata are achieved through the rolling action of a flexible 
thin-sidewall diaphragm consisting of a high-tenacity fabric overlay em- 
bedded in elastomeric material. 


Fig. I shows how Bellofram Rolling Diaphragm conforms to the piston. 
Fig. II shows how, as the piston descends under pressure, the diaphragm 
rolls off the piston’s sidewall and onto the cylinder’s sidewall in a smooth, 
continuous, frictionless movement. 


The Bellofram principle can be applied widely in actuators, pumps, 


instruments, seals, accumulators, fluid dampers, etc. 


Which of these advantages are you looking for? 


To the designer con- 
fronted with situations 
for which conventional 
bellows, O-rings, or cup 
packings are inade- 
quate, Bellofram Roll- 
ing Diaphragm offers a 
constellation of advan- 
tages found in no other 
product: 


. Friction-free 
(low hysteresis). 


2. Neo break-out friction 
effects. 


3. Completely leakproof 
device. 


4. Constant area in all 
piston positions. 





6. 


Almost infinite flex life 
( millions of cycles). 


Sensitivity to extremely 
small pressure changes. 


. No mechanical spring 
gradient. 


. Compatibility with 


practically all 
environmental gases or 
fluids. 


. Automatic de-icing 


action. 


any point in its stroke. 


- Does not require close 


machine finish toler- 
ances on pistons and 
cylinders. 


Send for Free Literature 





12. Freedom from abrasive 
wear. 


13. One hundred stock : 
sizes. Four mounting 


configurations. Special 
types and sizes designed 
fo order. 

|. Excellent temperature 
stability, from —85°F. 
to 550°F. (from —120°F. 
to 700°F. in some cases). 
Wide range of working 
pressures: 1 in. H20 to 
500 psi (up to 1200 
psi in some cases). 
Effective pressure areas 
from .028 to 108 sq. in. 
Cylinder bore diameters 
from .25 to 12 in. 
Extended range of stroke 
(.01 fo 12 in.). 


Bellofram 


@Reg. trademark U.S.A. and foreign countries + Bellofram Rolling Diaphragms are protected by U.S.A. and foreign patents. 


Mission 3-9000 


BELLOFRAM CORPORATION, 10 BLANCHARD ROAD, BURLINGTON, MASSACHUSETTS 


BRowning 2-2100 





Job- Designed Fasteners ii Every canary 


Here is a fast, dependable, 
low cost, quality minded 
source of supply for JOB- 
DESIGNED fasteners of all 
types, in any metal, to fit your 
own assembly problem. Assembly costs 
are a very major part of manufacturing 
expense. Most of this is labor. The fast- 
ening medium itself is usually a mini- 
mum item. If a Job-Designed fastener 
makes assembly simpler and faster, 
permits the use of fewer fasteners, 
allows the designer functional freedom 
and improves product efficiency, yours 
is a specifying job well done. All these 


possibilities are available when you come 
to Hassall for design assistance and 
quotation on challenging, difficult or un- 
usual rivets, threaded nails, drive screws 
and other cold headed parts. Short or 
long runs, pilot quantities, engineering 
counsel, over 100 years of intimate as- 
sociation with cold heading—and a deep 
appreciation for the concept of value 
analysis — all are part of the Hassall 
service to you. 
Send for a copy of our latest catalog. 


JOHN HASSALL, INC. 


MANUFACTURERS SINCE 1850 


P.O. BOX 2197 « WESTBURY, LONG ISLAND, N. Y. 
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VALLEY bau searinc MOTO 


Custom Built . 


NOT Custom Priced ! 5 
oe - 


SQUIRREL CAGE 
INDUCTION __ 
HIGH TORQUE 
% 10 75 HP. 


Cool Running ... Continuous Service coe 


that’s the axiom Valley Motors live 
up to. 

They have been tested and proven in 
every industry where dependable serv- 
ice and power is a requirement. Re- 
member they are semi-enclosed to as- 
sure protection against dripping or 
splashing liquids, metal chips and 
abrasive dust. 


WRITE FOR COMPLETE INFORMATION 


VALLEY 


ELECTRIC CORPORATION 


4221 Forest Park Bivd + St. Louis 8, Mo 
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engine is not suitable for exploita- 
tion of the higher degrees of super- 
charge owing to the restricted op- 
erating speed range obtainable. 

4. The “compound” engine of- 
fers high maximum powers at high 
manifold pressures, coupled with 
good thermal efficiencies and a wide 
speed range, but it suffers from 
the disadvantage that its power falls 
off rapidly with reduction in crank- 
shaft speed unless complexities are 
introduced in the gearing arrange- 
ments between the engine and the 
compressor. 

5. The “gas generator” at high 
manifold pressures produces results 
comparable with the compound en- 
gine and, owing to its free power 
turbine, can maintain very high 
torques at low output shaft speeds. 


“The Diesel Engine in Association with 
the Gas Turbine,” Presented at an Ordi- 
nary Meeting of the Institution of Me- 
chanical Engineers, London, January, 
1960, 18 pp. 


Factors for Rating 
Strength of Helical Gears 


E. ]. Wellauer, Director, Research and 
Development, The Falk Corp., Mil- 
waukee, Wis. 


Factors used to rate the strength of 
helical-gear teeth by means of the 
fundamental tooth-strength formu- 
la developed by the American Gear 
Manufacturers Association’s Gear 
Rating Committee. The new ap- 
proach combines different concepts 
of geometry factors, an improved 
evaluation of dynamic loads, ra- 
tional allowable stresses, and _ risk 
or reliability considered as a sta- 
tistical probability. In addition, the 
inclusion of the effect of operating 
error and load-distributing tooth 
flexibility provides an accurate 
means for helical-gear strength 
rating. 

ASME Paper 59-A-21 presented at the 


Annual Meeting, Atlantic City, N. J., 
November-December, 1959, 8 pp. 


Root Lubrication Effects on 
Cantilever Beam Damping 
R. V. Klint and R. S. Owens, Re- 


search Laboratory, General Electric 
Co., Schenectady, N. Y. 


Lubricating the root contact sur- 
faces of a simple cantilever beam 
will increase the vibration damping 
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Family living today is richer, easier because of a bright array of appliances, 
housewares, and hardware that employ one of the breathtaking Nickeloid Metals. Scores 
of manufacturers already know the extra beauty, the practical utility, and the production 
economy made possible by these metals with gleaming finishes of chromium, brass, copper, or nickel. 
Product designers have combined the functional and the decorative to build faster, more profitable 
sales. Possibilities are endless, Nickeloid Metals, being completely pre -finished, simplify 
the entire manufacturing process, with greater profit. Let us set up a workshop session with 
your executives in design, sales, purchasing, and production. We have sales 
engineers at nearby sales offices qualified to unfold this fascinating 
picture. Or write us for descriptive catalog. 


IN it keloid helps make a familys 


NICKELOID METALS 
SINCE 1898 











AMERICAN NICKELOID COMPANY, PERU. ILLINOIS - Plants: Peru, Ill.. and Walnutport, Pa. 





Holtzer-Cabot Solves Fractional H.P. Motor Problems 


12 MONTHS 
CONTINUOUS OPERATION 
at ambients up to 176 F. 


A leading instrument manufacturer*, had the problem 
of continual motor failures after 2 to 3 months service 
in an instrument which required a minimum of one year’s 
continuous duty in maintained ambients up to 80°C. 
(176° F.) 

The thermostated, infra-red instrument in which the 
motor was to be used, required a 24-hour stabilizing 
period, dictating that no maintenance be performed. 

To solve this problem, engineers from both the instru- 
ment company and from Holtzer-Cabot cooperated in the 
development of a motor with increased radiation area, 
plus reduced power input. This resulted in a motor tem- 
perature rise of only 20°C. as compared with 35° C. in the 
motors formerly used. 

To provide positive lubrication, grease reservoirs were 
provided outside the bearing and a long-life stable grease 
suitable for high temperature was selected. 

The result was a motor which has now been in success- 
ful operation for over 12 months without any motor 
failure or trace of bearing wear. 

* Name on request 

Write for Information! Holtzer-Cabot specializes in the design 
and manufacture of fractional horsepower motors for 
all types of applications. For complete details on Holtzer- 
Cabot motors for specific applications, and a copy of 
“Key Factors in Selecting AC Motors for Instrument 
Service” write direct or use Readers Service Card. 


HOLTZER-CABOT 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
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of the beam. Evidence is available 
for cantilever beams made of cold- 
rolled steel, stainless steel, and brass, 
with contact surfaces dry and 
greased. Soft-metal platings, as al- 
ternate lubricants, produce a sig- 
nificant increase in the damping of 
cantilever beams. While this in- 
crease is not so great as for greased 
surfaces, the use of platings appears 
promising. 

ASLE Paper No. 59LC-9 presented at 


the ASLE/ASME Lubrication Conference, 
New York, N. Y., October, 1959, 18 pp. 


Hydrostatic Gas Bearings 


John H. Laub, Research Group Super- 
visor, Jet Propulsion Laboratory, Cali- 
fornia Institute of Technology, Pasa- 
dena, Calif. 


Characteristics and capabilities of 
orifice-regulated hydrostatic gas 
bearings which make them suitable 
for instrument applications. In par- 
ticular, gimbal bearings for iner- 
tial guidance systems can be de- 
signed with negligible starting 
torque and high stiffness, and for 
operation at extreme temperatures. 
Based on Euler’s equation, expres- 
sions for the significant parameters, 
ie., pressure profile, gas-flow rate, 
gap height, and load-carrying ca- 
pacity of pad and step bearings, are 
developed. These parameters yield 
results which are in excellent agree- 
ment with experimental data. The 
test fixture incorporates pneumatic 
loading by means of a bellows-sus- 
pended piston which is prevented 
from cocking by an air bearing. 


ASME Paper No. 59-Lub-1 presented 
at the ASME/ASLE Lubrication Confer- 
ence, New York, N. Y., October, 1959, 
10 pp. 


TO OBTAIN COPIES of papers oy arti- 
cles abstracted here, write directly to the 
following organizations: 





ASLE—American Society of Lubrication 
——. 84 East Randolph St., Chicago 
1, Ill. 


ASME—American Society of Mechanical 
ee 29 West 39th St., New York 18, 
ie 


The Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London 
S.W. 1, England. 


Institute of Metals, 17 Belgrave Square, 
London S.W. 1, England. 


SAE—Society of Automotive Engineers 
Inc., 485 Lexington Ave., New York 17, 
N.Y. 
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Liquids! Gases! Solide/ 


Dayton's non-collapsible, 
ultra-flexible hose handles them all! 


Wherever low pressure or vacuum transfer is used to move liquids, 
He, Re gases or solids . . . wherever light unit weight and extreme flexi- 
Pg bility must combine with high tensile strength, plus the ability to 


hed 


; & “ | — PRESENT _— 
et oe s Nk 
COULD ONE 


OEE , ’ 
. “ Resuscitator Oxygen Dayflex Current-Carrying 
Hose FDA Approved Vacuum Hose 
* 


Dayco Nylaflex* Hose is the most rugged plastic hose made. 
Exclusive NYLON reinforcement imparts greater flexibility, 
greater tensile strength and stretchability, plus longer life 
than ever before. 


: withstand abrasion and rugged use—Dayton has a non-collapsible, 
oh . flexible hose to do the job or will design one to specifications. 





Nylaflex Swimming 
Dayflex* Current-Carrying Hose has a unique double wire con- puanbounes 


struction which provides both structural strength and elec- 
trical capacity ... carries 110-115 volts and is UL approved. 





Dayfliex* Plastic Hose is a proven component of extreme flexi- 
bility and high tensile strength. Adaptations are now in use 
for Hair Dryers, Air Conditioning, Refrigeration, Resusci- | Sunita: Game 
tators and Vacuum Cleaners. Industrial Vacuum Hose Venting Hose 


Dayton Rubber offers technical assistance to develop new Dayfiex plastic, Current-Carrying and 
uses for all its non-collapsible flexible hose. Our research Nylaflex hose offer innumerable de- 


and sales engineers are at your service. Just fill in the cou- sign opportunities as flexible piping, 
pon and mail it today. venting or ductwork for industry, trans- 
*Registered Trade Mark. Patented and Patents Pending portation or home. 











THE DAYTON RUBBER COMPANY 
LJ ro t CQ ia | Dayfilex Plastics Division, Dayton 1, Ohio 
y Please send free samples of flexible hose as indicated: 
(] Vacuum Cleaner [] Current Carrying 
Rubb | 1a (0 Nylafler Vacuum Cleaner [] Nylaflex Swimming Pool 


name. 





DAYFLEX PLASTICS DIVISION - DAYTON 1, OHIO Os, ION 


I crnceatis tities cectchestdiinadininell 
* 
pe FOR NEW IDEAS address = tc 


city. zone state 
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WOOD’S POWER 
TRANSMISSION 
PRODUCT NEWS 


* 


REVOLUTIONARY NEW VARIABLE 
Revolutionary resilient cam follower construction 
of Wood's new “MCS” motion control, variable 
speed drives holds constant driven speeds under 
varying torque loads. Like the “MS,” the “MCS” 
won't freeze or stick. Check oil only once or twice 
a year. Write for Bulletins 8102, 4101. 

Circle 507 on Page 19 


4-WAY FLEX—UNIQUE DESIGN 

Wood's Sure-Flex Couplings absorb 5 to 15 times 
more shock and vibration than other leading flexi- 
ble couplings . .. swallow all types and combina- 
tions of angular and parallel misalignment, end- 
float. Simple, no wear, no lubrication. Low cost. 
Write for Bulletin 5103. 

Circle 508 on Page 19 


50% GREATER CAPACITY 


New belt materials and manufacturing techniques 
give you 50% more horsepower from Wood’s Sure- 
Grip V-Belt Drives. These drives are equipped with 
famous, interchangeable, tapered, QD-type Sure- 
Grip Bushings which feature standard and reverse 
mounting for greater adaptability. Write for Bulle- 
tin 197. 
Circle 509 on Page 19 


MP/360C 
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T. B. WOOD’S SONS 
COMPANY 


CHAMBERSBURG, PENNSYLVANIA 


ATLANTA * CAMBRIDGE *« CHICAGO 
CLEVELAND « DALLAS 





For copies of any literature listed, 
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Miniature Connectors 


Center screwlock miniature rectangular 
power connectors are subject of Folder 
1900. Outline and mounting dimensions 
for 34, 78, 104, and 130-contact plugs and 
sockets are presented. Units have closed 
entry contacts. 6 pages. DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long Island 
City 1, N. Y. 
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Pneumatic Timer 


For use in explosive hazard areas or 
remote field locations where electrical 
power is not available, Model 20 Servo- 
Gauge Oscillator is described in Bulletin 
P-20. Adjustable from 0.3 to 60 cycles 
per min, the unit sends out a repetitive 
signal impulse of a preset magnitude, or 
of a variable magnitude if initiated by 
an external controller. 2 pages. Associated 
Control Equipment Inc., Box 136, Cora- 
opolis, Pa. 
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Regulating Relief Valves 


For water or oil pressure regulation up 
to 500 psi, the No. 280 Type G valve 
will relieve at adjustable pressures in four 
available ranges. Bulletin includes con- 
struction features, application information, 
and flow table. 2 pages. Atlas Valve Co., 
280 South St., Newark 5, N. J. 
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Molding Materials 


A guide in the selection of GE plastic 
molding materials is available as an aid 
to designers, molders, fabricators, formu- 
lators, and users. Booklet CDC-370 in- 
cludes tabular data on _ polycarbonate 
resins, phenolic resins, varnishes, mold- 
ing powders, and fused magnesium oxide. 
12 pages. General Electric Co., Chemi- 
cal Materials Dept., Pittsfield, Mass. 

Circle 674 on Page 19 


Electric Tachometers 


Six types of generators and nine styles 
of indicators provide versatility of applica- 
tion of accurate speed-indication systems. 
Brochure describes remote, multiple, and 
monitor indication. 4 pages. Madison 
Electric Products Inc., Madison, Ohio. 
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Precision Instrument Components 
New, pocket-size catalog offers techni- 
cal details, MIL specifications, and com- 
plete drawings of over 12,000 stock items 
of precision gears, shafts, speed reducers, 


magnetic clutches, differentials, instru- 
ment plates, tools, and many other asso- 
ciated components. Master Catalog No. 
21 also contains prices of all items de- 
scribed. 416 pages. PIC Design Corp., 477 
Atlantic Ave., East Rockaway, L. I, N. Y. 
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Formed Metal Shapes 


An illustrated listing of over 500 cold- 
formed metal shapes for which rolls and 
dies are on hand is available in Catalog 
OS-1059. Sections are shown full size. 48 
pages. Van Huffel Tube Corp., Warren, 
Ohio. 
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Hydraulic Pumps 
Specifications and performance curves 
for a new line of fixed-angle variable 
delivery hydraulic pumps are given in 
Bulletin A5233A. Schematic views of com- 
ponents show the design principle used 
to vary delivery rate of nine models hav- 
ing rated flow at 3000 psi of 3.26 to 98.6 
gpm. Pumps exceed new MIL-P-19692 
for service life requirements and contami- 
nation tolerance. 6 pages. Vickers Inc., 
Div. of Sperry Rand Corp., Box 302, De- 
troit 32, Mich. 
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X-Ray Techniques 
Available as an employee visual-aid, a 
wall chart shows ten basic x-ray. tech- 
niques used for industrial quality control 
and_ scientific research. A_ simplified 
diagram with explanatory notes is shown 
for each method. 1 page, 1114 x 22 in. 
Philips Electronic Instruments, 750 S. 
Fulton Ave., Mount Vernon, N. Y. 
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Oil Coolers 


Catalog 1059 lists complete data and 
performance on oil-to-air cooling equip- 
ment for stationary and mobile install- 
ations. Shell and tube oil-to-water cool- 
ers are also described. 10 pages. Young 
Radiator Co., Racine, Wis. 
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Spherical Roller Bearings 
Bulletin 113 describes and pictures five 
series of quality bearings. Line draw- 
ings and close-up photographs demon- 
strate design features. Tables providing 
complete dimension and load capacity 
data are furnished for each series. 16 
pages. Hoover Ball & Bearing Co., 5400 

S. State Rd., Ann Arbor, Mich. 
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NOW, THE ULTIMATE IN V-BELT DRIVES 


SAVE SPACE... AS MUCH AS 50% 
REDUCE WEIGHT ...UP TO 27% 
CUT COSTS ... 30% AND MORE 


Tremendous savings? You bet they are. And there are more .. . savings 
on bearings, bases and housings, for instance. Why? Because new, 
Wood’s Ultra-V Drives have exceptional strength and compactness. 


New, greatly improved belt materials and new belt construction assure 
unmatched dimensional stability, amazing strength, greater grip, added 
support and equalized load for tension members. Belt capacity has 
been increased radically. Cross sectional areas have been reduced 50% 
with no loss in belt life. Three Ultra-V Belt cross sections replace 5 of 
the conventional type, simplifying inventory problems. These compact 
new belts are oil, heat and exposure resistant and static conducting. 


New, high performance, Ultra-V Sheaves have smaller diameters, less 
width, less weight and tremendous strength. Center distances are re- 
duced. Add to these many advantages the unique features of Wood’s 
Sure-Grip interchangeable bushings. These “easy on—easy off” bush- 
ings are the most universally used type. Fewer sizes cover a wider bore 
range. Reverse as well as standard mounting offers maximum flexibility. 


Complete details are contained in Bulletin 9102. Write for your copy. 


UV/160 


T. B. WOOD’S SONS COMPANY 
CHAMBERSBURG, PENNSYLVANIA 
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Reactors by Autoclave Engireers, Erie, Pa. 


Continental ‘O”’ Rings 














Help Put Satellites in Orbit 


Almost as dramatic as the thrust of 
a satellite into outer space is the 
technique used to fabricate the 
nose cone of the missile. These nose 
cones, made either of powdered 
metals or refractory materials, are 
being compacted in 12” I.D. pres- 
sure vessels under hydrostatic 
pressure of 75,000 P.S.I. Imagine 
the problem involved in sealing a ves- 
sél against such terrific pressure! 
Yet THAT is the problem solved 
by this Continental “O”’ Ring. Ob- 
viously an ordinary “O” Ring 
would not do. The job called for a 
special compound with molecular 
formation so precise that separa- 
tion or micro-leakage just could 
not occur. Continental developed 
the compound that meets this rigid 
test. What’s more, the elasticity of 
the rubber refuses permanent set 
and thus permits re-use of the ring. 


This unusual rubber problem 
typifies the complete engineering 
service available to you here at 
Continental. Whether you need 
molded or extruded rubber parts, 
consult with us while your new 
products are still on the board. Let us 
suggest how you might save both 
tooling and material costs—and 
get a better product for the job. 


Hydrostatic Pressing (see diagram). 

A technique for producing uniform 
compaction and grain structure to ob- 
tain super hardness and impact resist- 
ance in critical components. A steel 
forming-mandrel is coated with a re- 
fractory material, placed in a rubber bag 
and suspended in pressure vessel. Pres- 
sure is applied until required density is 
attained. 


Engineering catalog. 

In addition to custom-made parts, 
Continental offers an extensive line of 
standard grommets, bushings, bump- 
ers, rings and extruded shapes. Hun- 
dreds of these are shown in the No. 
100 Engineering Catalog. Send for a 
copy or refer to it in Sweet’s Catalog 
for Product Designers. 


buollbor atuventil tt BOB LL PP 
cnuginteitd Yi, CONT/NENTAL 


CONTINENTAL RUBBER WORKS «+ 1984 LIBERTY ST. + ERIE 6 + PENNSYLVANIA 
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Time-Delay Relays 
Delay times on small electronic time 
delay relays are changed by an external 
screwdriver adjustment. Two models cover 
a total range of 50 milliseconds to 50 sec, 
and delay can be specified for pull-in or 
drop-out. Bulletin No. 376-100, Rev. 4/59 
covers these as well as factory preset and 
externally adjustable time delay relays. 
All are hermetically sealed, use printed 
circuit construction, and can withstand ex- 
ceptional shock and vibration. 8 pages. 
Master Specialties Co., 956 E. 108th St., 

Los Angeles 59, Calif. 
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Speed Reducer Package 


Bulletin 3100.01 Supplement offers an 
additional line of standard gear-motor 
package drives in the lower speed and 
higher horsepower ranges. The 8E Mo- 
toreducer series has high overhung load 
capacity and covers output speeds from 
1 rpm, horsepower capacities to 75. Selec- 
tion tables, overhung load example, and 
physical dimensions are included in bul- 
letin. 4 pages. The Falk Corp., Box 492, 
Milwaukee 1, Wis. 
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Recording Oscillograph 


Recording simultaneously as many as 
26 separate items of test data, the ver- 
satile Model 5-114 recording oscillograph 
permits the study of phenomena in their 
relationship to a common time base and 
to each other. A complete description of 
the instrument and its features, along 
with accessories and a table of galva- 
nometer specifications is given in Bulle- 
tin 1500. 16 pages. Consolidated Electro- 
dynamics Corp., Electro Mechanical In- 
strument Div., 360 Sierra Madre Villa, 
Pasadena, Calif. 
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Corrosion Resistance 


Corrosion Resistance Chart J-CRC lists 
over 150 different chemicals and_ their 
recommended usage with ductile iron, 
iron, steel, 316 and 304 stainless steel, 
Monel, brass, bronze, copper, aluminum, 
and plastisol plastic. It also shows which 
gasket materials are needed for various 
chemicals when Kamlok Quick Couplers 
are used, and which O-ring materials 
are needed when swivel joints are used 
with these chemicals and compounds. 
4 pages. OPW-Jordan, 6013 Wiehe Rd., 
Cincinnati 13, Ohio. 
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Surface Measurement 


A pocket size reference manual con- 
tains important excerpts from ASA B46.1- 
1955 “Surface Roughness, Waviness and 
Lay,” including illustrations. Featured is 
a conversion chart for changing arith- 
metical average to rms average. The 
Surfindicator, a production gage for sur- 
face finish control, is illustrated and de- 
scribed. 12 pages. Brush Instruments, Div. 
of Clevite Corp. 37th and Perkins 
Avenue, Cleveland 14, Ohio. 
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THIS NEW 
QUILL-TYPE 
AJUSTO-SPEDE 
DRIVE 


zit 


THIS NEW 
K-2 CONTROL 


ou n d Red tint indicates 


PUSH-BUTTON oe 
STATION Give You Controlled Adjustable Speed 
Ss from an AC Power Source 


in a Compact, Low Cost 3-Unit Drive Package 


— by — 


AMAT| 


PIONEER IN EDDY-CURRENT EQUIPMENT 


Three compact components, the Ajusto-Spede Drive, the K-2 Control, and 
the push-button station make up this complete drive package which provides 
controlled adjustable speeds for any application from 2 HP through 7/2 
HP at 1800 RPM, 


Remote wall mounting of the control panel conserves space on the 
driven machine; the push-button station places vital controls at 
the operator’s finger tips. 


Standard control features include on-off clutch control, infinite 
speed adjustment, constant speed regulation, and jogging. Any of 
a variety of special features may be easily and economically added 
to the standard control by the installation of a single resin- 
encapsulated circuit. 


Send for complete information covering design and operation of 
the new models ACM-903 and 904 Ajusto-Spede Drives. Read how 
the new K-2 Control provides infinite speed adjustment, on-off 
clutch control, constant speed control, jogging, threading, cascad- 
ing, and acceleration control. 


Our New Bulletin K-2-159 is Now Available. 


©. 
DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 

possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 





M-1886-L4P 1885-6 
NEW “PADDLE” NEW THREADED 


HANDLE SWITCH PLUNGER SWITCH 
for any cap 


we 


CIRCLE F’s 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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Thermal Analog Tubes 


A device to measure thermal environ- 
ments encountered by vacuum tubes, the 
Thermion tube enables designers or manu- 
facturers to evaluate each socket in elec- 
tronic equipment packages for possible 
thermal problems. Technical Report 7-8-9 
describes importance and use of Thermion 
tubes. 4 pages. Research Council Inc., 
1062 Main St., Waltham 54, Mass. 
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Flow Regulators 

Savings in weight and space in critical 
missile and other regulated hydraulic sys- 
tems are made possible by use of cart- 
ridge-type flow regulators. Flow is con- 
trolled independent of system pressures or 
varying back pressures. Engineering Bul- 
letin A-300 contains specifications and 
application data. 4 pages. Waterman En- 
gineering Co., 725 Custer Ave., Evanston, 
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Expanded-Scale Meter Relays 


To achieve greater accuracy than that 
available with a D’Arsonval meter, an 
expansion network eliminates the part of 
the scale not needed and expands the used 
portion. Theory, circuitry, and list of 
available meters, including specifications 
are available in a booklet jointly issued 
by two firms whose combined efforts 
produced the series of expanded-scale 
meter relays. 12 pages. Assembly Prod- 
ucts Inc., Chesterland, Ohio. 
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Self-Locking Aluminum Nut 


Design of ‘Tru-Lok self-locking nut 
permits use at 250 and 550 F, provides 
high strength-to-weight ratio, and excel- 
lent reusability with accurate torque con- 
trol. Nut incorporates a_ high-strength, 
spring-temper, stainless-steel wire form in 
aluminum body. Bulletins 3002 and 3003 
list sizes, dimensions, and features for 
both coarse and fine-thread series. 2 
pages. Waltham Precision Instrument 
Co., 221 Crescent St., Waltham 54, Mass. 
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Stainless-Steel Tubing 


Booklet SS 39, titled “Allegheny Lud- 
lum Stainless-Steel Tubing,” gives details 
on various sizes, grades, design data, and 
corrosion resistance for both welded and 
seamless stainless-steel tubing. More than 
25 tables are included, along with photo- 
graphs and other drawings and data. 
Special section on composite tubing is 
also incorporated. 34 pages. Allegheny 
Ludlum Steel Corp., Oliver Bldg., Pitts- 
burgh 22, Pa. 
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Corrosive-Service Rotameters 


Details of materials used in manufac- 
turing rotameters for corrosive applica- 
tions are given in Bulletin 150. Various 
types of meter designs are illustrated and 
described in detail. 8 pages. Brooks 
Rotameter Co., Hatfield, Pa. 

Circle 692 on Page 19 


February 18, 1960 


More Power 
to You with 


CONTINUOUS-TOOTH HERRINGBONE 
GEAR SPEED REDUCERS 


The Gear Reducer that’s Built-to-take-it~James precision made 
Herringbone Gear Reducers have been the choice of power 
transmission designers and engineers for over a _ half- 
century. Their proven on-the-job performance—in the steel, 
coal mining, cement, chemical and other industries—testi- 
fies to their operating dependability. Low maintenance 
costs and the long wearing qualities of the gears with a 
backbone add up to greater efficiency, production and in- 
creased profits. James Herringbone Reducers come in all 
sizes and in a wide horsepower and ratio range, enabling 
them to handle small and large power transmission instal- 
lations. Catalog 40-E, containing complete information, is 
now available. May we send your copy today? 


D.O.JAMES GEAR MANUFACTURING CO. 


Manufacturers of All Types of Gear Speed Reducing Transmissions and Cut Gears 
1140 W. MONROE STREET, CHICAGO, ILLINOIS 








James Gear Sales-Engineers are located 
in important key centers. Consult your area 
telephone directory or write Home Office 
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ABBOTT'S 

NEW GUIDE to 
selection of the 
best Bearing Ball 


New Abbott Bulletin AP-1 

provides specifiers and buyers with 

up-to-the-minute information 

on widely adaptable, totally reliable 

Abbott bearing balls . . . carbon 

steel and bronze. Included is 

important new tabular data on 

conversion of old Abbott standard 

ball nomenclature to the new, 

simplified AFBMA* nomenclature. 
Since 1909, Abbott has offered 

product designers a bearing ball 

of superior quality and performance 

... a bearing ball that has 

a deeper case, higher crushing 

strength, closer tolerance than balls 

in competitive lines. Bulletin 

AP-1 tells you why Abbott is the 

best. Send for your copy today. 


*Anti-Friction Bearing 
Manufacturers Association. 


THE ABBOTT BALL 
COMPANY 


1B RAILROAD AVE. e HARTFORD 10. CONN 


Send copy of Bulletin AP-1. 
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Tungar Bulbs 


Complete ratings, design data, weights, 
dimensions, and typical applications for 
the ten types of Tungar bulbs now avail- 
able are given in GE’s design and data 
manual, ETR-2091. The brochure also 
features descriptive and theoretical data 
on the use of Tungar bulbs in rectifier 
circuits to provide noise-free power sup- 
plies with low voltage drop and high 
over-all efficiency. 8 pages. General 
Electric Co., Electronic Components Div., 
Owensboro, Ky. 
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Liquid-to-Gas Equivalents 
Handy 8'/ x 1l-in. wall chart shows 
at a glance gaseous equivalents of 1 
through 5000 gal of liquid oxygen, nitro- 
gen, and argon. Chart shows cubic 
feet of gas available when liquid is con- 
verted to gas. Approximate equivalent 
number of high-pressure cylinders is also 
shown. Ronan & Kunzl Inc., Cryogenic 
Div., Marshall, Mich. 
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Variable-Speed Pulleys 


Variable-speed pulleys are cam-operated 
type which maintain desired speed even 
under overload conditions. They range 
from fractional to 5 hp with speed ratios 
from 1.75:1 to 2.6:1. Five wide V-belt 
pulley models with speed ratios of 3:1, 
and two high-ratio types providing ratios 
to 7.2:1, are also included. Illustrated 
Bulletin HL-60 provides information on 
selection and operating data, horsepower, 
ratings, dimensions, and representative ap- 
plications. 24 pages. Lovejoy Flexible 
Coupling Co., 4932H W. Lake St., Chi- 
cago 44, Ill. 
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Teflon Rings 
Application of Teflon Glyd rings to hy- 
draulic and pneumatic systems is described 
in Bulletin S-200. Included are specific 
data on how the rings reduce O-ring 
friction and chatter, how their use in- 
creases pressure sensitivity of systems, 
and how they protect and lengthen life 
of rubber O-rings. Complete selection 
charts for ID and OD seal Glyd rings 
in sizes comparable to standard O-ring 
range are presented. Detailed installation 
drawings are also included. 6. pages. 
W. S. Shamban & Co., P. O. Box 1037, 
Culver City, Calif. 
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V-Belt Drives 


Ultra-V drives reduce over-all drive 
dimensions by as much as 50 per cent, 
save up to 25 per cent in weight, and 
up to 30 per cent in cost over conven- 
tional V-belt drives. Bulletin 9102 in- 
cludes drive-selection tables for stock and 
nonstock sheaves, horsepower _ tables, 
nomograms for service-level comparisons 
of drive costs, sheave and belt specifica- 
tions, and information on how to check 
drive tension. 36 pages. T. B. Wood’s 
Sons Co., Chambersburg, Pa. 
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“DIAMOND H” 


ROTARY 
SWITCHES 


Versatile circuitry of “Dia- 
mond H” Rotary Switches is 
one reason they’re found on 
leading makes of window air 
conditioners. Single or dou- 
ble pole, with capacities far 
greater than their size sug- 
gests and from two to 12 po- 
sitions — with or without 
stop — they are also used to 
control motor starting and 
reversing as well as resistive 
circuits in a variety of other 
applications. 

UL approved ratings 
range to 25 A. at 120/240 
V., to 1 H.P. at 120 V. and 
2 H.P. at 240 V., A.C. Bases, 
however, measure only 114” 
x 144” x %”. Spade or screw 
terminals. Spindles may be 
extended to permit ganging 
of mechanical or electrical 
controls. 

For a quick run-down on 
“Diamond H” switches, re- 
lays, thermostats and other 
devices, send for a free copy 
of the “Diamond H” Check 
List of Reliable Controls. 


MANUFACTURING 


HART “1% 


118 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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Aeroquip PUSH-PULL Hydraulic Couplings 
Connect and Disconnect Fluid-Carrying Lines 


AVAILABLE IN TWO THREAD TYPES 
FOR INDUSTRIAL APPLICATIONS 


5600 Series 


For N.P.T.F. pipe thread connection in 4” 
%", V2", %" and 1” sizes. 


5606 Series 


For all S.A.E. straight thread boss (O-ring 
seal) connections up through 1” tube sizes. 


@ Quick Connection and Disconnection @ Full Flow With Negligible Pressure Drop 
@ Positive Sealing—Connected or Disconnected @ For Working Pressures Up to 3000 psi. 


e Simple, Rugged Components 


The new Aeroquip PUSH-PULL Coupling is designed for quick, easy 
connection of hydraulic lines. It features a simplified poppet valve 
seal that gives long, leakproof service life. The coupling is constructed 
to protect against entry of dirt into the hydraulic system. Where 
connect-under-pressure feature is desirable, the 5650 Series PUSH- 
PULL Coupling is available. 


Complete design information on the Aeroquip PUSH-PULL Cou- 
pling series is available. Fill in and mail the coupon below for your copy. 
PUSH-PULL is an Aeroquip Trademark 


Aeroquip Corporation, Jackson, Michigan 


Please send me your bulletin on PUSH-PULL 
Hydraulic Couplings for industrial applications. 


Name 





Title 





Company 





Address 








February 18, 1960 Circle 517 on Page 19 





HELPFUL LITERATURE 


PERFECTION k= 


Various types of plastic caps and plugs 
for machine-screw threads, pipe threads, 


‘ '_ @ 
atelate[=ve, & Vos abiste tubing, and propeller-shaft threads are 
J described in Bulletin P-5708. Included 
‘ are both quality and economy lines. 12 
pages. S. S. White Dental Mfg. Co., 10 


Worm Gear E- Oth St, New York 16,.N. Yo 


5 E E D > Ie lJ Ee Ip S Pumps and Controls 
SPEED REDUCERS (iegersenieen 





pumps, fluid motors, and valves are 
enumerated in Bulletin 220. Each sec- 
tion discusses design and operating char- 
acteristics of components involved, with 
cutaway illustrations in color. -Accessory 
controls for each model are also shown. 
Tables of typical performance data for 
individual pump or control units appear 
throughout the catalog. 72 pages. Ameri- 
can Brake Shoe Co., Denison Engineer- 
ing Div., 1160 Dublin Rd., Columbus, 


Ohio. 
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Air Cylinders 

Models AVSA and AVSR single-acting, 
valve-in-head air cylinders are the sub- 
ject of loose-leaf form AVSA. Features 
are described, and five types of mounts 
are shown. Diagrams of the cylinders 
and mounts are provided. 2 pages. Al- 
lenair Corp., 225 E. Second St., Mineola, 


SF 
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Industrial Casters 
Folder includes illustrations, descrip- 
tions, and specifications of 24 different 


Perfection Motorized Worm Gear Speed Reducers are available series of swivel-plate and rigid-plate truck 
casters, ranging in applications from light 


in 956 different combinations, with ratios ranging from 5 to 1 to superheavy duty. Form 8159 also 
to 60 to 1, and in capacities from 1/6 H.P. to 5 H.P. This line shows and describes floor truck locks, 
of complete Motorized Reducers is available from stock for im- and eight different types of wheels avail- 

odinss delivery, Pésfecsien “C” & able are pictured. 4 pages. Faultless 
m ivery. Perfection ange Reducers may be ordered Caster Corp., Dept. PR-164, Evansville 
complete with motor or without motor, to be used with a motor 7, Ind. 


of your own choice. 


Circle 701 on Page 19 
Flanged motor reducers offer the maximum in compactness, Precision Components 
rigidity and adaptability. Through the use of standard NEMA Gear heads, speed reducers, differentials, 
face mounted motors, c lete i “1: precision gears, couplings, shafting, and 
— a “ interchangeability between rd electronic hardware are listed in Catalog 
is provided. Motor maintenance is 61. Stock items included number over 
possible without disturbing the drive 20.000. 512 pages. Sterling - Precision 
d red i Corp., Instrument Div., 17 Matinecock 
and reducer. Motor assembly is fast Ave. Port Washington, L. I. N. Y. 
and positive with no alignment prob- Circle 702 on Page 19 
lems. 


Licensed under Pat. 2,868,031 e Circuit Breakers 


Comprehensive illustrated Speedfax cata- 





Write for your free copy of our new 28 page catalog LS log provides extensive information on 
molded-case circuit breakers, individually 


/ SS enclosed low-voltage power circuit break- 
Kg ers, and engineered products for indus- 
Ask for Bulletin No. M-140. trial plant and commercial building elec- 
. trical distribution systems. Selection 

| charts for circuit breakers list availahle 

| types, ratings, and accessories. 60 pages. 

A M E R I CA N Ss TO Cc K G E A R DIVISION | I-T-E Circuit Breaker Co., 1900 Hamil- 

ton St., Philadelphia 30, Pa. 
PERFECTION GEAR COMPANY HARVEY, ILLINGIS | ape ti--Anonen 


containing illustrations, charts and tables to help you 
choose the right Reducer for your particular application. 
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OZALID NEWSLETTER 


NEWS AND IDEAS TO HELP YOU WITH ENGINEERING REPRODUCTION AND DRAFTING 


Repro room at I-T-E, showing processing of Information Sheets and standard engineering 
drawings on Ozalid machines. Simple system saves hours of drafting time for the company. 


Short-cut system for custom orders 


To help turn out ‘“‘job shop” work 
at assembly line speed, the I-T-E 
Circuit Breaker Company of 
Philadelphia has devised a simple 
“Information Sheet” that does away 
with considerable retracing and re- 
vising of engineering prints. 

More than 70% of I-T-E orders 
are for custom-designed equipment 
using standard components. Revising 
standard drawings to meet customer 
specs on each order would saddle 
I-T-E’s engineering department with 
a nearly impossible work load. 

So the Information Sheet is used 
instead. It’s an 814” x 11” tracing 
form—with printed title blocks— 
quickly reproduced on the company’s 
Ozalid whiteprinters. Here’s how it 
works: 

An order comes in—for 5K V metal- 
clad switchgear, for instance. A fast 


freehand sketch of the switchgear is 
drawn on the Information Sheet. 
Drawing numbers of standard com- 
ponents and quantity of prints need- 
ed are noted on the Sheet. 

Then, copies of the Sheet and the 
required standard drawings are run 
in the I-T-E repro room. These, with 
the shop order, go to Manufacturing. 
When the order is completed, the 
Information Sheet is returned to the 
customer file for reference. 

This simple short cut with Ozalid 
whiteprinting saves untold hours of 
engineering time and gives I-T-E cus- 
tomers faster, more efficient service. 


Colors speak louder 


than words 


A simple way to make your security 
personnel’s job a lot easier is to color- 


code all classified material by using 
Ozalid sensitized color-copy papers. 
Colors don’t have to be read. Guards 
can spot restricted or top-secret 
prints at a glance. Clerks can’t make 
routing mistakes. 

To help you devise your own color- 
coding systems, Ozalid offers papers 
with eleven image-and-stock color 
combinations. For example, use black 
image on yellow stock (instead of 
traditional blue on white) to code 
prints of preliminary drawings.‘ Po- 
tential uses for color-coding in engi- 
neering paper work are virtually un- 
limited: shop orders, bills of material, 
spec sheets, change notices, cost es- 
timates, etc., etc. 

Like a copy of our new Color- 
Coding Booklet? It tells how a truly 
versatile, full-range color-coding 
system can be yours with as little 
effort as it takes to run prints that 
are black on white. 
Just write to 
Ozalid, Johnson #eRee® 
City,NewYork. [7 = 
Booklet No.S-2-18 


sromtrey 9st 


New blue-tint Ozacloth 
cuts glare, saves eyes 


It’s bad enough to have people glare 
at you. When your drafting materi- 
als glare too, one should take steps. 
Our research people have—by build- 
ing a delicate blue tint into our new 
black-line Ozacloth 101 CZB. It pro- 
vides excellent contrast between back- 
ground and dye image—cuts glare, 
reduces eye strain, makes duplicate 
originals that are easy to read and 
work with. Other features? Highest 
printing speed of any cloth interme- 
diate...and a plastic matte surface 
on beth sides which accepts pencil, 
ink or typewriter . .. and keeps sheets 
from sticking together in files. Write 
Ozalid at Johnson City, New York, 
for free descriptive literature on blue 
tint Ozacloth. 


Ozalid—Division of General Aniline & Film Corp.+In Canada: Hughes-Owens Co., Ltd., Montreal 
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INFINITE RANGE 
EXTREME 
ACCURACY... 














Gfnah SPEED DRIVES 


The Graham Drive gives extreme 
accuracy of speed holding and reset 
from any desired top speed to zero. 
Range and accuracy are assured 
through the correct application of 
metallic traction in the first stage 
of a compound planetary system. 


Three planet roller cones are canted 
in a carrier to tractionally engage 
an encircling control ring . . . Pin- 
ions on the large ends of the rollers 
mesh with a ring gear joined to the 
output shaft . . . Speed is change- 
able running or stationary . : 
Planetary action provides overload 
protection. The dial permits set- 
tings to one part in 4000. 


A wide choice of built-in motors, 
reducers and controls is available 
in sizes-fractional to 3 HP. Write 
for full performance data. 


GRAHAM EXTRA FEATURES 
@ Any desired maximum speed to 
zero, including reverse. 


®@ Straight line extension of a standard 
motor for true compactness. 


@ Controls tension, proportion, syn- 
chronization, etc., from any type of 
control signal. 


Ask for Graham Catalog 550. 


GRAHAM TRANSMISSIONS, INC. 


Menomonee Falls, Wisconsin 
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Thermocouple Wire 


Platinum metals offer high melting 
points, resistance to corrosion, stability 
in calibration, and accuracy over a wide 
temperature range when used for tempera- 
ture-sensing elements. Brochure, “Noble 
Metal Thermocouple Wire,” provides 
data on the wide range of noble-metal 
thermoelements produced. Temperature- 
millivolt curves, showing working ranges 
as well, are given for the various 
thermocouple materials, along with com- 
parisons to certain non-noble combina- 
tions. 4 pages. Engelhard Industries 
Inc., 113 Astor St., Newark, N. J. 
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Aircraft Bolts 


LWB 22 high-strength aircraft bolts 
provide 220,000 psi minimum tensile 
strength, yet weigh no more than regu- 
lar NAS 624 series 180,000-psi bolts. 
Form 2531 explains how weight saving is 
achieved, by reducing 12-point wrench- 
ing size of head as well as_ bearing 
surface diameter. Bolt configuration is 
shown in close-up photos and design 
drawings, and design features and speci- 
fication information are cited. Compari- 
son tables and graph are also included. 
4 pages. Standard Pressed Steel Co., Box 
102, Jenkintown, Pa. 
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Planning Circuitry 


Available to help design engineers plan 
and package circuitry, revised “Quick 
Order Guide” booklet lists off-the-shelf 
components used in making up complete 
electronic systems. Includes terminal-card 
mounting components, basic chassis com- 
ponents, uni-racks and components, plug- 
in unit packages, testing and sensing de- 
vices, and locking and fastening devices. 
20 pages. Alden Products Co., Dept. 
QOG-149, 117 N. Main St., Brockton 64, 
Mass. 
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Belleville Springs 


Practical manufacturing tolerances for 
four grades of springs, and necessary 
formulas and curves for their design, are 
given in catalog titled “Belleville Springs.” 
List of materials used in manufacture is 
set forth, with applications for each ma- 
terial. It includes three pages of text and 
five pages of curves and formulas. Solon 
Mfg. Co., South Miles Road, Solon, Ohio. 
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Two-Piece Bearing 


W-retainer bearing provides low-torque 
bearing reliability for gyros, synchros, 
small motors, potentiometers, and other 
applications requiring low torque or ex- 
tremely smooth operation. Engineering 
Data Sheet W-1l gives engineering in- 
formation on such items as performance, 
torque, dimensions, load capacity, toler- 
ances, calibration, and radial play. 4 
pages. Barden Corp. 200 Park Ave. 
Danbury, Conn. 
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CERAMIC 
MAGNETS 


The permanent magnets 
that 
are really permanent 


Ceramics 

offer great- 

est resistance to de- 
magnetization of any com- 
mercial magnet material 
ais 1 energy is fully 
usable—no_ keepers, pole 
pieces or auxiliary air gaps 
needed . . . Can be mag- 
netized before or after as- 
sembly . . . Electrically 
non-conductive . . . Less 
heating .. . Inert to chemi- 
cals and gases... Up to 8 
or more poles on a single 
flat face... AND MANY 
OTHER ADVANTAGES. 


Write for Ceramagnet 
Engineering Bulletin RC-11A 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. 
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30 SECONDS TO FAILURE! 


—and somebody’s reputation is shaking 


When pounding vibration shakes loose common 
fasteners like these, critical working parts of a prod- 
uct usually fail. When this happens, the reputation 
of the manufacturer is shaken, too. 

Elastic Stop® nuts will not shake loose. Each nut 
uses the exclusive red nylon locking insert to provide 
a continuing locking torque which absorbs impact 
and shock loads and holds under the most severe 
operating conditions. In the long run, it is exactly 
this capacity to lick vibration-induced failure that 
makes Elastic Stop nuts the most economical fasten- 
ers you can buy. 

Elastic Stop nuts cost only a little more than the 
combination of fasteners used here. But can you 


afford the real price of any low-cost fastener that 
fails to provide reliability? For it’s precisely this type 
of false economy that ruins reputations when cus- 
tomers incur costs for repairs, dooutine and loss of 
production: As a matter of fact, the cost of extra field 
service may wipe out the manufacturer's profits, too. 

Detailed photos are available showing exactly how 
Elastic Stop nuts solve critical fastening problems on 
rock drills, scrapers, snow plows, off-the-road truck 
and other heavy equipment. You can see these pho- 
tos simply by writing to us. Or, we can send you test 
samples of the fastener sizes you need. Just write: 
Dept. 842-24, Elastic Stop Nut Corporation of 
America, 2330 Vauxhall Road, Union, New Jersey. 


Elastic Stop nuts offer 3 important design advantages: 


Precision 
adjustment 
at any point 
on the bolt 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Nylon 

locking insert 

is re-usable 

50 times or more 


© 
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NEW MINIATURE A.C. MOTOR 


high output for commercial use 


This a.c. synchronous motor costs you only about half as much as its 
miniature precision counterpart for military applications. In production 
quantities it is so economical that you can design it into good quality 
products that now use induction motors. And because you can put this 
bigger performance motor in smaller spaces, it gives you a head start 
in miniaturizing your design at the same time you improve product quality. 

Vital statistics: This Type CMC motor has a starting torque of .7 oz. in. 
and a continuous duty torque of .7 oz. in. at synchronous speed. It is 114” 
in diameter by 254” long, and weighs 61/ oz. The shaft is precision ground 
stainless steel, supported by ball bearings. The epoxy-sealed design provides 
good resistance to normal environmental conditions. 

If you have hesitated to design with precision miniature motors in 
the past, now’s your chance! 

The Globe motor line includes both a.c. and d.c. models. Globe is 
pleased to work with you to provide the exact motor you need for your 
commercial, competitive product. Please write for Bulletin CMC. Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. {oe] He)]=j=3 


PRECISION MINIATURE A.C, & D.C, MOTORS. ACTUATORS, 
TIMERS, STEPPERS, BLOWERS & FANS MOTORIZED DEVICES 
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Fastener Guide 


Illustrated Catalog 5918 is available as 
a guide to the selection of self-locking 
nuts suitable for application at tempera- 
tures over 800 F. It includes a resume 
of technical data pertaining to high-tem- 
perature terminology and phenomena 
such as stress rupture, creep, and relaxa- 
tion strength. Over 50 pages of fully 
dimensioned drawings of high-perform- 
ance, high-temperature stop nuts are in- 
dexed as to temperature range. 80 pages. 
Elastic Stop Nut Corp., Dept. H, 2330 
Vauxhall Rd., Union, N. J. 
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Flexible Couplings 


Photographs of couplings and installa- 
tions, diagrams, and tables for each type 
of coupling comprise main part of Catalog 
60. Included are facts on misalignment, 
dynamic balancing, bore and keyway 
standards, and how to select a flexible 
coupling. Line of miniature couplings 
is incorporated. New style applications 
and special couplings designed for specific 
conditions are also shown. 48 pages. 
Thomas Flexible Coupling Co., Warren, 
Pa. 
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Gear-Case Accessories 


Small accessories for aircraft gear cases 
include magnetic drain plugs, drain hose 
assemblies, electric chip detectors, breather 
vents, liquid-level sight plugs, observa- 


tion windows, and filler plugs and caps. 
Catalog 3-60 provides design data and 
dimension drawings for tracing. All types 
and sizes of accessories are listed and 
pictured. 23 pages. Technical Develop- 
ment Co., 305 S. Chester Pike, Glenolden, 
Pa. 

Circle 711 on Page 19 


Welded Construction 
“Designer’s Guide for Welded Con- 
struction,” Bulletin 1100.1, contains charts 
and illustrations providing information 
on the application of welding symbols 
and other basic design data on welds. 
It includes recent revisions in the Stand- 
ard American Welding Society Symbols. 
Folder contains a condensed summary of 
all welding symbols to guide designers. 
It also includes specification tables on 
different types of electrodes and addi- 
tional suggestions for planning better 
welded designs. 6 pages. Lincoln Elec- 
tric Co., 22801 St. Clair Ave., Cleveland 
17, Ohio. 
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Two-Way Valves 
Series 20 two-way valves for air, oil, 
water, gas, or chemicals, are for use. in 
operating pressures to 500 psi and with 
pipe sizes from 4 to 3 in. Bulletin 
91022 supplies specifications, ordering in- 
formation, outstanding features, and di- 
mensions of each of three types: Pilot 
operated, mechanical and manual, and 
solenoid operated. 8 pages. Airmatic 
Valve Inc., 7313 Associate Ave., Cleveland 
9, Ohio. 
Circle 713 on Page 19 
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BEARINGS of smooth, tough DuPont NYLON 





Low Cost Low Cost 


Low Cost 
FLANGED Nyliner SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


COST LESS to BUY 
COST LESS to INSTALL 
G ELIMINATE LUBRICATION 


Additional Benefits: 


LOW FRICTION 
RESIST POUNDOUT 


CLOSE FIT 
LONGER LIFE 
EASILY INSTALLED 
LESS SERVICING 
SELF-RETAINING 
RESIST CORROSION 


DAMP VIBRATION 


Engineered to Solve Problems . . 


NO FRICTION OXIDATION 


OPERATE IN LIQUIDS 
NON-CONTAMINATING 


@ INSTANTLY REPLACEABLE 
© RESIST ABRASION 

¢ MINIMUM SPACE 

© SILENT OPERATION 

© LIGHTEST WEIGHT 

© REDUCED WEAR 


. Improve Products... 


Reduce Costs! 


NYLINER Bearings are a highly engineered thin liner of DuPont Nylon, designed 


to bring bearing users the many benefits of Nylon as a bearing material by solv- 


ing most of the limitations surrounding its use. The compensation gap prin- 


ciple assures maintenance of diametral tolerances for precision applications 


Seven Standard Types available from stock. Write for literature and name of 


your local representative who stocks NYLINER Bearings for immediate shipment 


(THOMSON INDUSTRIES, Inc. 
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Also— 


—Manufacturers of BALL BUSHINGS .. . the Ball Bearing for Linear 


Motions and 60 CASE... Hardened & Ground Steel Shafting 








STANDS TOUGHEST SERVICE 
DRIVES HEAVIEST LOADS 








ATLAS 
OFFSET SIDE BAR ROLLER CHAIN 


PRECISION BUILT...HEAVY LOAD CHAIN 


PRECISION CLEARANCES for efficient operation . . . accurate fit 
and smooth bearing surfaces. 


PINS TOUGHENED for shock loads. Precision hardened rollers, bush- 
ings and links to stand severe operating conditions. 

DETACHABLE ASSEMBLY makes link replacement easy. Chain 
made up of series of identical links held together with cottered or riveted 
pins. No searching for connecting link. 

BUILT-IN MISALIGNMENT COMPENSATION to allow for 


sprocket variance. Requires same sprockets as for standard roller chain. 


This is the chain to handle heavy loads under extremely difficult operating 
conditions. Made in sizes from No. 3100 single width to No. 3160-2 
double width. For complete details and power transmission advice 
write or call... 


ATLAS CHAIN & MANUFACTURING COMPANY 


Subsidiary Prudential Industries, Inc. 
West Pittston, Pa. 


GET YOUR COPY OF THE NEW FOLDER 


ON HEAVY DUTY CHAIN! 
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Resistor Selection 


Durable, loose-leaf insert selector chart 
permits fast determination of values en- 
countered in precision resistor applica- 
tions. Form Z-44-A gives finger-tip in- 
formation that eliminates need for solv- 
ing equations for power and Ohm’s Law. 
Four numbered values—current, voltage, 
power, and resistance—are arranged on 
four individual chart axes. With any 
two predetermined values available, a 
glance at chart allows direct reading of 
the others. Data on specifying precision 
resistors is include. on reverse side of 
chart. 2 pages. Daystrom-Weston Sales 
Div., 614 Frelinghuysen Ave., Newark 
12 Nf. 

Circle 714 on Page 19 


Weld Fasteners 


In addition to complete dimensional 
information on stock weld nuts, weld 
screws, special-purpose weld parts and 
leg levelers, Catalog 60 includes weld- 
ing information, electrode data and de- 
signs, and weld setups for welding indi- 
vidual parts. It also contains an en- 
gineering section on welding practices. 
49 pages. Ohio Nut & Bolt Co., 33 
First Ave., Berea, Ohio. 

Circle 715 on Page 19 


Precision Gears, Components 

Loose-leaf, three-ring catalog bound in 
leatherette covers lists stock of 32, 40, 
64, 72, 96, and 120-diametral pitch gears 
of various types. Complete data are given 
for the products. Section on components 
such as clamps, ball bearings, and shaft- 
ing is also incorporated. Data section 
contains general information and engi- 
neering tables and graphs. Title of cata- 
log is “Certified Precision Products.” Ap- 
proximately 190 pages, 81% x 1l-in. size. 
Write on company letterhead to’ Atlas 
Precision Products Co., Div., Prudential 
Industries Inc., 3801 Castor Ave., Phila- 
delphia 24, Pa. 


Printed-Circuit Connectors 


A special series of connectors, designed 
for specific applications, is highlight of 
new catalog which also includes detailed 
information and specifications on a large 
variety of standard card receptacles, termi- 
nal strips, connectors, and assemblies. 36 
pages. Request on company letterhead 
from Burndy Corp., H. H. Buggie Div., 
Toledo 1, Ohio. 


Micromodule Wafers 


Bulletin MMW describes the produc- 
tion of Fotoceram micromodule wafers, 
using photographic reduction, chemical 
machining, and heat treating, the end 
product being a true ceramic, holding ex- 
tremely accurate dimensions. Tooling is 
relatively simple for wafers with patterns 
other than the four stock patterns avail- 
able from stock. 4 pages. Request on 
company letterhead from Corning Glass 
Works, Electrical Products Div., Corn- 
ing, N. Y. 
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Use Snap-Tite Valved Couplings and 
you'll always know when you've stopped the flow! 


Use Snap-Tite valved couplings and you'll never 
have to test lines to see if flow has stopped as you 
do with conventional valves. 

The instant you disconnect the two halves of a 
Snap-Tite coupling, flow stops .. . and you know 
at a glance the line is closed. Reconnect and right 
away full flow begins again. 

Snap-Tite couplings take up less space, prevent 
the possibility of leaking valves, save time and 


TO USE SNAP-TITE VALVED COUPLING: 


CONNECT—Full flow instantly 


DISCONNECT—Stop flow instantly 


money in installation and maintenance. Ask your 
local Snap-Tite representative how much you can 
save by using Snap-Tite couplings. 

SIZES: 4” to 6” in aluminum, brass, steel and 
303 and 316 stainless. Larger sizes and other metals 
on special order. 

For more information, write for Snap-Tite Cata- 
log #58. Ask for the name of your local Snap-Tite 
representative. 


UNION CITY 11, PA. 
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New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Tension Pins 


for fast, low-cost, 
pinning applications 


Pressure-fitting tension pins are hol- 
low, with a longitudinal slot. Made 
from highly elastic spring steel, 
cold rolled, hardened and tempered, 
they are 40 per cent lighter than 
solid pins. Outside diameters are 
predetermined larger sizes than 


holes to be fitted. Pins compress 
as they drive into hole, and spring 
steel exerts pressure on wall of hole 
for a secure, vibration-resisting fit. 


~ ws 


~*~ 


Designed for fast, low-cost pinning 
applications, pins are available in 
nominal diameters from 1/16 to 1% 
in. and up, and in lengths as speci- 
fied. Two pins can be combined, 
one inside another, where there is 
extra-high shear stress or extra- 
heavy shock load. Pins can be used 
in steel, cast iron, light alloys, plas- 
tics, and porcelain. They can be 
removed and reused without loss of 
temper or tension, John Gillen Co., 
2542 S. 50th Ave., Cicero 50, IIl. 
Circle 716 on Page 19 


Pancake Air Cylinders 


have molded nylon 
body material 


Pancake air cylinders, using molded 
nylon as a body material, have 
been reduced in cost by approxi- 
mately 60 per cent while maintain- 
ing high ruggedness and porosity. 
Cylinders can be used in corrosive 
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atmospheres. They have withstood 
over 1500 psi air pressure. Small 
size and special’ shape make cylin- 
ders suitable for use of air in light- 
duty applications such as tooling for 
plastic and fiber machining, metal- 
working, machine tool set-ups, spe- 
cial fixtures, and transfer-line units. 
Cylinders are available at present in 
one standard low-pressure size with 
1!4-in. bore and 1:1 line-pressure 
ratio. Stroke range is from 0.01 to 
0.5 in. Cylinders with 15% to 2-in. 
bores, and strokes from 0.01 to 1 
in. will soon be furnished. Fabco, 
1231 Main Ave., Cleveland 13, 


Ohio. 
Circle 717 on Page 19 


Rotary Torque Motor 


has output in form of 
output shaft rotation 


Rotary-output torque motor has ab- 
solutely no backlash, end play, or 
radial play. Output is in the form 
of an output shaft rotation. Output 
rotation is +12 millirad. Pressure- 
proof O-ring seal can be used 
around output shaft to isolate torque 
motor from controlled medium, 
whether gas or liquid. Motor is 
available for operation at tempera- 


tures to 650F. Torque sensitivity 
is quite high, and hysteresis is’ very 
low (about 1 per cent). American 
Measurement & Control Inc., 240 
Calvary St., Waltham 54, Mass. 
Circle 718 on Page 19 


Pushbutton Switch 


incorporates grounded outlet 


Compact pushbutton switch fea- 
tures snap-in mounting, simplified 
wiring, and grounded outlet. Low- 
cost unit is available in black Bake- 
lite. Combination unit is designed 
for appliance, utility cabinet, and 
other applications requiring conven- 
ient outlet and switch combined in 
a small space. Unique clip permits 
fast, snap-in panel mounting for 
flush installations. Switch is main- 
tained-action, push-on, push-off 
type, rated at 3 amp; outlet is rated 


at 15 amp, 115 v ac. Molex Prod- 
ucts Co., 9515 Southview Ave., 


Brookfield, Ill. 
Circle 719 on Page 19 


Adjustable Slip Clutches 


in small envelopes 
have high torque capacity 


Available in sizes from 5/16 to 3 
in. diam, adjustable slip clutches 
are for use in applications with 
torque from !/ oz-in. to 300 Ib-in. 
Units have custom-built shaft and 
mounting configurations. Clutch 
shown is l-in. diam unit capable of 
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“THIS RELAY 
WILL GIVE US 
, 300 MILLION 
4 OPERATIONS, JOE” 
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HERE’S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over long life 


. ‘ te Heavy Duty Frame 
Armature Pin Bearing shows ; 3 . maintains dimensional 


only .0005” increase in clearance Uva — 7 mere stability, adds to 
after 300 million operations. at _—  relay’s sensitivity. 


Husky pv we Arm 
Ss. n 
via? BS SERIES TELEPHONE TYPE 


Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 
of quality that spells dependability. 

Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro- 
viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 
high performance telephone type relays. Your near- 
est P&B sales engineer will be happy to discuss your 


relay problems. Call him today. 


3 .max 
sRm 


GENERAL: 
Breakdown Voltage: 1000 volts rms 60 cy. min 
between all elements. 
Ambient Temperature: —55° to +85° C. 
+125° C available on special order. 
Weight: 9 to 16 ozs. 
Terminals: Pierced solder lugs; 
Coil: One 416 AWG wire 
Contacts: Two #18 AWG wires 
Enclosures: Dust covered or sealed 
CONTACTS: 


Arrangements: DC—up to 28 springs 
AC—up to 24 springs 

Material: 4," dia. twin palladium. 
Up to 4" dis. single silver. 
Other materials on special order. 


BS SERIES ENGINEERING DATA _ 


Load: 4 amps at 115 volts, 60 cycle resistive 
Pressure: 15 grams minimum 
COILS: 
Resistance: 100,000 ohms maximum 
Current: 10 amps maximum 
Power: DC—50 Milliwatts per movable arm. 
Greater sensitivity on special order. 
AC—17.9 volt-amps. 
Duty: Continuous 
Treatment: Centrifugal impregnation 
Voltages: DC—up to 300 volts with series 
resistor. AC—up to 250 volts, 60 cy. 
MOUNTING: Two #8-32 tapped holes %" o.c. 
Other mountings on special order. 


GS SERIES—Excellent sensi- LS SERIES—Medium coil relay TS SERIES—Short coil relay is 
tivity: 50 mw per movable arm with short springs and light available in AC and DC versions. 
minimum (DC). For applica- weight armature for fast Long life construction. Can be 
tions requiring many switch- action, reliability and long life. supplied (DC) with up to 20 


ing elements in small space. 


springs (10 per stack). 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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HEAVY DUTY RELAYS 
GREATEST Control 
Versatility Ever Offered 


600 VOLTS AC * 10 and 15 AMPS @¢ 2, 3, 4, 6 or 8 POLES 


@ RUGGED and RELIABLE . . . with exceptional electrical and me- 
chanical life. Simple construction for easy maintenance. 


@ OPTIONAL PLUG-IN RECEPTACLE .. . allows fast replacement 
of relay without disturbing wiring. Minimizes down-time on 
high-output machines. 


FAST, EASY COIL REMOVAL. . . just remove 2 screws, swing 
coil to front and lift out entire assembly. 


SIMPLE CONTACT CONVERSION . . . from normally-open to 
normally-closed. No tools needed. 


MOST VERSATILE LATCHING ATTACHMENT... . exclusive 
with A-H. Only attachment that converts in the field from 
“latch-in” to “latch-out” or “latch in-and-out.” 


AVAILABLE . . . with AC or DC holding coils. 


For free copy of the 8-page Heavy Duty Relay Catalog 
Section, write to The Arrow-Hart & Hegeman Electric Co., 
Dept. MD, 103 Hawthorn Street, Hartford 6, Connecticut. 


\ OPTIONAL 
PLUG-IN 
RECEPTACLE 


BASIC 


a RELAY 


OPTIONAL 
LATCHING 
ATTACHMENT 





WEIGHT 
4 lbs. approx. 


TYPES “IMP” AND “FMP” 
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NEW PARTS AND MATERIALS 





80 Ib-in. of torque before slipping. 
Clutches slip smoothly, quietly, and 
without galling or chatter. They are 
made from corrosion and fungus- 
resistant materials. Northern Union 
Inc., 1020 Holly Ave., Arcadia, 
Calif. 

Circle 720 on Page 19 


Adhesive System 


bonds “nonbondable” Teflon 
to itself and other materials 


Designated as PA-746, new adhesive 
system is supplied in kit form. 
Available for bonding “nonbond- 
able” Teflon to itself and to other 
materials, each kit includes a treat- 
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ing agent which prepares Teflon 
surface, plus two-part bonding agent 
that cures in a few hours to form 
a high-strength adhesive joint. Any 
standard grade of Teflon or other 
fluorocarbon plastic can be em- 
ployed. No special training of any 
type is required to fabricate the 
parts. Plastic Associates, 185 Moun- 
tain Rd., Laguna Beach, Calif. 
Circle 721 on Page 19 


Tungsten-Carbide Balls 


in 32 standard sizes 
have superior hardness 


High-precision _ tungsten-carbide 
balls are now available from stock 
in 32 standard sizes: 1/64 through 
9/32 in. by 64ths; 3/16 through 14 
in. by 32nds; 9/16 through | in. by 
16ths; 1, 5, and 10 mm. Balls are 
AFBMA Grade 25, have 0.000025- 
in. sphericity, +0.0001 in. basic 
size tolerance, and 0.00005-in. uni- 
formity per container. Of superior 
hardness (89-91 Rockwell A), they 
are used as valve elements handling 
abrasive materials, as indicator 
points, in bearings at temperatures 
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to 800 F, and in other applications 
requiring maximum wear resistance, 
smoothness, and strength. Surface 
finish is | microinch. Industrial Tec- 
tonics Inc., 3686 Jackson Rd., Ann 


Arbor, Mich. 
Circle 722 on Page 19 


Instrument Knobs 


of aluminum in 
six basic sizes 


Aluminum precision instrument 
knobs are precision engraved as 
shown, or to specific requirements. 
There are over six basic sizes with 
over 50 variations. Knobs are pre- 
cision machined of aluminum, per 
military specs, and are anodized in 
either black or clear. Many other 
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colors are available on request. 
Available for 14 or 1/4-in. shaft, and 
supplied with two Allen-type set- 
screws, knobs resist high or low 
temperatures far beyond plastic 
knobs. Vemaline Products Co., P. O. 
Box 222, Hawthorne, N. J. 

Circle 723 on Page 19 


Self-Lubricating Bearing 
is completely inorganic 


Self-lubricating bearing, Sinitex, is 
comprised of bronze, molysulphide, 
and Teflon. Material combines self- 
lubricating qualities with a low co- 
efficient of friction and, being com- 
pletely inorganic, lends itself to 
cryogenic use. Operational tempera- 
ture capabilities range from —300 
to +500F. Bearing material is 
available in 6-in. long bar stock in 


dimensions of 0.3, 0.5, 0.75, and 
1 in. OD. Additional sizes to 6 in. 
OD can be made to specifications. 
Booker-Cooper Inc., 6940 Farmdale 
Ave., North Hollywood, Calif. 

Circle 724 on Page 19 


DC Servo Motors 


high-response units 
range from 1/4, through | hp 


High-response dc servo motors are 
for industrial applications requiring 
rapid starts, stops, and reversals. 
Motors are available in totally en- 
closed, nonventilated, cast - iron 
frames in selected ratings in sizes 
from 1/4, through 1 hp. The 1-hp 
size reverses from +3900 to —3900 
rpm in only 0.28 sec. Typical ap- 
plications include numerical posi- 
tioning for tracer drives, feed drives 
and machine tool positioning, radar 
antenna drives, positioning systems, 
automatic welding positioners, and 
contouring systems. High response 
is provided by very low armature 
inertia and high accelerating torque. 
Speed ranges to 400:1, with smooth 
rotation at low speeds, are accom- 
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plished through use of skewed ar- 
matures and special field-pole de- 
sign. Low weight, small size, and 
flange-mounting design permit di- 
rect mounting on machine in any 
position in a minimum space. Reli- 
ance Electric and Engineering Co., 
24701 Euclid Ave., Cleveland 17, 
Ohio. 

Circle 725 on Page 19 


Miniature Coaxial Switch 


can be used without adapters 
in miniaturized circuit 


Miniaturized coaxial SPDT switch 
with all electrical and mechanical 
features of normal coaxial switches 
can be inserted directly into a min- 





MOTOR CONTROLS 


Whenever SPACE and WEIGHT 


are at a Premium... 
SPECIFY TYPE “RA” MOTOR CONTROLS 


Launching, guidance, tracking and service equipment 
for rockets or guided missiles MUST pack the great- 
est possible performance capacity into the smallest 
possible envelope. That’s why Arrow-Hart Type “RA” 
Starters and Contactors have been selected for so 
many rocket and missile projects .. . and so many 
other applications where space and weight savings 
are all-important. Far smaller and lighter than con- 
ventional types, Arrow-Hart “RA” Controls use 
advanced design with greatly improved mechanical 
efficiency to achieve superior performance and 
dependability. The modern Right Angle operating 
mechanism insures positive operation and provides 
increased resistance to unfavorable atmospheric 
conditions. 


For “RA” Data Section, write now to The Arrow-Hart 
& Hegeman Electric ry Dept. MD, 103 Haw- 
thorn Street, Hartford 6, Connecticut. 
ARROW —- HART OF HARTFORD 
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Type “RA” 
Size 2 
Weight 7-% lbs. 
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Whatever kind of tuming control you need, 
Cramer is most likely to have rt 
...IN 43 LOCAL DISTRIBUTOR STOCKS 


For sheer variety of time-control devices, the Cramer 
line is unmatched. So, next time you're faced with a 
problem of accurate timing control, remember that 
Cramer most likely has the answer already in stock. 
Usually you'll find that your local Cramer distributor 
can take it right off the shelf. And in exceptional cases, 
he can get it from the factory in a matter of hours. 


Every Cramer product is the result of advanced 
design and rigid quality control in manufacture. Over 
the years, each type has been developed to meet ex- 


ELECTROMECHANICAL DIVISION 
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acting requirements, as industry’s needs progressed. 
Today, the “classics” among them are giving trouble- 
free performance in countless applications all over 
the world, while models of more recent design neatly 
handle jobs that hadn’t been thought of a year ago. 
WRITE FOR YOUR COPY OF THE 18-PAGE CRAMER DISTRIBUTOR CATALOG 
.. full of facts and figures on standard stock 
c : units. And if your problem needs a non-standard 
solution, let Cramer engineers help you with it. 
You'll find they have most of the answers at 
their finger tips. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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iaturized circuit without adapters. 
Positive toggle action assures proper 
switching action, and panel mount- 
ing provides easy installation. Mat- 
ing connectors are available for ap- 
plication at, above, or below 400 
me. Insertion loss of Type 90-01 is 
0.5 db at 2 kmc. Voltage rating is 
1500 v max (60 cps) and crosstalk 
is better than 60 db to 2 kmce. 
Switch weighs only 11/4 oz. Micro- 
dot Inc., 220 Pasadena Ave., South 
Pasadena, Calif. 

Circle 726 on Page 19 


Clutches and Brakes 


subminiature units have 
high reliability 


Series 6 and 8 precision subminia- 
ture clutches and brakes have ap- 
plications in computer, control, and 
servo positioning or wherever the 
size-to-weight ratio is critical and 
where high reliability is required. 
Components feature zero backlash, 
zero endplay, and elimination of 
slip rings. Clutching and braking 
are accomplished without angular 
displacement or axial motion. Pre- 
cision stainless-steel ball bearings, 
ABEC 5 or better, are shielded where 
exposed. Small amount of heat gen- 
erated by low coil wattage is easily 
dissipated. Low current require- 
ments and low power consumption 
require approximately 1.2 w at 24 
vde. Clutches and brakes meet and 
exceed all applicable requirements of 
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Dimensionally Controlled 
Heat Treatment 


gives Mac-it screws 


more durability 


The heat treatment specifications 
for every Mac-it alloy steel screw 
are determined by its dimensions 
as well as its intended use. 


At Mac-it, large and small di- 
ameters are not run through the 
heat treating processes indiscrimi- 
nately. Instead, our metallurgists 
establish a heat treating cycle for 
each type and size. This assures 
that every screw has the proper 


combination of strength, tough- 
ness, ductility and resistance to 
vibration and shock. 


Dimensionally controlled heat 
treatment is just one iliustration 
of the care which is taken in every 
step in the manufacture of Mac-it 
screws. That’s why Mac-its hold 
tight in a tight place. 


Buy by name from your 
distributor—buy Mac-it 


NEW SPECIFICATION SHEET listing new 1960 Series 


Socket Screw Industry 


Dimension Standards. 


Write for your free copy. 
Mac-it Parts Co., Dept. 21, Lancaster, Pa. 


MAC-IT ALLOY STEEL SCREWS 
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Model 3040 Oil-less Air Pump. Up to 20” vacuum, 
up to 10 p.s.i. pressure. Capacity to 24 c.f.m. 





Provide oil-free air 


with OIL-LESS 


GAST 7? AIR PUMPS 


Model 0240, 0440, 0740 
Series Oil-less Air Pumps. 
Three displacements, 
from 1.9 to 5.6 c.f.m. 
Vac. to 15”, pressure to 
10 p.s.i. 


Model 0211-P103-G8X 
Integral-Motor Oil-less. 
Up to 1.3 c.f.m. Motor 
4 h.p. Wt. only 22 Ibs. 
Smaller Model 0406 Oil- 
less has '/j2 h.p. 


Need a pump that delivers absolutely o7/-free com- 
pressed air? A Gast Oil-less Air Pump may be your 
answer! Built in seven different models — vacuum or 
pressure — these pumps* run entirely without oil in 
the pumping chamber. 


Four carbon vanes lubricate themselves. Ball bearings 
are grease-sealed for life and separated from pumping 
chamber by a ventilated space. Air flow can’t be con- 
taminated with hot oil vapor. 


You can forget oiling maintenance problems too! 
Simple construction delivers up to 15,000 hours’ oper- 
ation without attention, depending on r.p.m. and 
service conditions. This is a big advantage, especially 
when your product requires a compressor or vacuum 
pump mounted in a hard-to-service location. 


Widely used on food-packaging, paper-handling, 
folding and laboratory machines. 
Write for full details — request Bulletins 152A 


and VP-356. GAST MANUFACTURING CORP., 
P.O. Box 117-P, Benton Harbor, Michigan. 


*Standard oil-lubricated models also available. 


SEE CATALOG IN SWEET'S PRODUCT DESIGN FILE 


@ AIR MOTORS TO 7 H.P. 
@ COMPRESSORS TO 30 P.S.I. 
@ VACUUM PUMPS TO 28 IN. 


“Air may be your answer!” 
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MIL-E-005272, MIL-E-5400, MIL- 
STD-202, MIL-E-4158, and MIL-E- 
8189. Guidance Controls Corp., 110 
Duffy Ave., Hicksville, L. IL, N. Y. 

Circle 727 on Page 19 


Spherical Roller Bearings 


have single spherical 
outer raceway 


Featured on new spherical bearings 
are raceways and rollers that are 
finished to afford working surfaces 
of exceptional, mirrorlike smooth- 
ness. Double row of large-size roll- 
ers accommodates excessively heavy 
radial and shock loads. High con- 
tact angle provides for substantial 
thrust capacity in either direction. 
Bearings utilize a single spherical 
outer raceway to permit bearing to 
compensate automatically for shaft 
misalignment in any direction, ei- 
ther initially or dynamically under 
load. Accurate roller guidance is 
assured by a heavy center guide 
flange between the two inner race- 
ways, asymmetric roller design, and 


heavy machined-bronze, land-rid- 
ing retainers. Complete range of 
five series and sizes is offered with 
both cylindrical or tapered bore. 
Bearing Div., Hoover Ball and Bear- 
ing Co., 5400 S. State Rd., Ann 
Arbor, Mich. 
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Illuminated Pushbutton 


has pressure connectors to 
eliminate internal wiring 


Illuminated pushbutton saves 
mounting space and installation time 
by combining in a single device both 
pushbutton and pilot light. It fea- 
tures pressure connectors to elimi- 
nate internal wiring, and terminals 
are clearly marked for easy wiring. 
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FAST off-the-shelf delivery 


MORSE EBERHARDT-DENVER 
CONVEYOR DRIVES 











* No design limitation . .. up, down, or 90° mounting 
* one-piece alloy cast iron housing x high torque 
capacity « single or double reduction gears x input 
ratings from .12 hp to 53.72 hp using double worm 
reduction or helical worm reduction x ratios from 5:1 
up to 3600:1— from stock at low factory prices. 





OVERHEAD .. . typical caterpillar SUB-FLOOR .. . for towline or 
or sprocket drives special equipment 





Easy-mount design... only 4 bolts 


Morse E-D speed reducers lead in limit- 
less applications with utmost ease in 
mounting. The 4 holes form a perfect 
square concentric to the output shaft. 
Unlike most designs, Morse E-D speed 
reducers feature oversize bearings on fies Be . 

wide centers... resulting in anoverhung __.metalsaws.and machines 7 8 | NonerGatniabicmecrmeenting for 
load capacity at the end of the output 
shaft equal to the torque capacity. 








Mounting versatility with the unit’s 
cast-in base makes Morse drives adapt- 
able to conveyors of all types, agitators, 
screw conveyors, machines, and for any 
other transmission of power where 
dependable speed reduction is specified. 


’ : SIDE MOUNTED .. . paint, pulp, HORIZONTAL... . 
You ll find Morse “standard” drives liquid, or chemical agitators eee, straight or Giunine ntaaae and 


ready for immediate delivery . . . often er See ee 
eliminate the problems of “specials.” 
Check with your Morse distributor, he’s 


listed in the Yellow Pages under ‘Power 
Transmission,” or write Morse Chain MOR SE] 








Company, Dept. 6-20, Ithaca, N. Y. for 
illustrated catalogs. In Canada: Morse 
Chain of Canada, Ltd., Simcoe, Ontario. A BORG-WARNER INDUSTRY 
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Joy Design Means: 


MINIMUM 
POWER 
CONSUMPTION 
WITH 
VARIABLE 


Blade pitch can be adjusted by 
Multiple exposure shows fan blades through the full loosening one nut, resetting the 


range of pitch changes. blade to desired position on cali- 
pa scale, and retightening I AN 0 TP WT 
the nut. 


Blade pitch on Joy Axivane® Fans can be adjusted easily. This means that 
the volumetric output of Joy fans can be varied by as much as + 20% with- 
out any sacrifice of fan efficiency, and therefore with minimum power con- 
sumption. The fan motor runs at its most efficient speed, regardless of the 
fan output, and there are no efficiency losses such as are encountered with 
dampers and variable inlet vanes. 

Even at full load, Joy Axivane Fans are more efficient than propeller, tube- 
axial and centrifugal fans. The direct drive achieved by mounting the motors 
inside the fan housings eliminates drive losses, and the vane-axial design gives 
maximum aerodynamic efficiency. Mounting the motors in the housings also 
makes the Joy Axivane Fans more compact, and less costly to install. 

Fans available range from types which weigh as little as a pound and have 
a diameter of a few inches, up to some which weigh tons and have diameters 
up to eight feet. If you need spot cooling, area ventilation, or any movement 
of air, Joy can supply the most efficient answer. 

For complete information, write for Bulletin 1198-64B. 


AIR MOVING EQUIPMENT FOR ALL INDUSTRY 





Joy Manufacturing Company 
Oliver Building, Pittsburgh 22, Pa. 


Cas and In Canada: Joy Manufacturing Company 
Dust Collectors Fans an na ra og mp 
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Pushbutton has same _single-hole 
mounting as other oiltight units. 
It is available with button guard 
to prevent accidental operation. 
Full range of voltage ratings and 
choice of six color caps provide 
added versatility. Contacts are 
rated for heavy-duty service. Square 
D Co., 4041 N. Richards St., Mil- 
waukee 12, Wis. 

Circle 729 on Page 19 


Metalized Mylar Tape 


has improved 
adhesive backing 


Mirro Brite Mylar tape is a highly 
polished, metalized plastic laminate 
ranging in widths from !/, to | in., 
spooled into a roll approximately 
100 yd long. Metalized plastic ma- 
terial is backed with an improved 
high-tack coating of pressure-sensi- 
tive adhesive for easy application to 
all smooth, flat surfaces. Coating 
Products Inc., 101 W. Forest Ave., 
Englewood, N. J. 

Circle 730 on Page 19 


Cable-Connector Boot 


prevents penetration 
of moisture 


Zipboot is quickly and_ easily 
wrapped around any connector 
terminating a cable or assembly 
cable, then sealed with ZT sealer. 
Made of 105-deg vinyl with a 
shrinking factor of approximately 30 
per cent, unit shrinks to a snug 
fit over connector and jacket of 
cable. When ends of boot are 
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Model 56 


“BUILDING 
BLOCKS” 
.. « for automatic riveting 


Milford’s Models 
56 and 57 offer 
unlimited 
flexibility in 
automatic assembly 


The narrow wedge shape of Milford’s new 
air-actuated riveters permits unusually close 
riveting. Both models can be combined with 
sliding-fixtures, indexing tables or similar 
attachments to give greatest flexibility of 
assembly. Air-operated toggle action assures 
fast and safe action. Model 56 handles tubu- 
lar rivets from %” diameter x 54” length; 
Model 57 from 3/16” diameter x 3/4” length. 


Group these new “Building Blocks” to suit 
your own production needs. Use them singly, 
in pairs, in threes, fours or even fives. Multi- 
ple riveting is the newest answer to reducing 
production costs. 


For more new ideas, tips and technical 
data on tubular rivets and rivet-setting ma- 
chines, ask your Milford Representative for a 
look at Milford’s new MANUAL OF MODERN 
RIVETING PRACTICE. 


MILFORD 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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Count Control 


FOR AUTOMATING INDUSTRIAL PROCESSES 


featuring 


Ase 


;* 


model HZ4 

MICROFLEX RESET COUNTER 

Use to control an operation for a 
preset number of counts. Has 
spring reset to “0.” Dial ranges 19, 
400 and 1,000 counts. 


Ask for bulletin 720. 








model HZ200 

ADD-SUBTRACT COUNTER 

Add. Subtract counter — operates 
from ADD pulses which trip switch 
at maximum limit—and SUB- 
TRACT pulses which trip switch at 
“0” limit. 


Ask for bulletin 740. 








model MT 
STEP SWITCH 


Use for sequence control from 
pulses—19 contacts—60 cycle 
coil-break out cam lugs. 


Ask for bulletin 780. 








model HZ6 
MICROFLEX REVOLUTION COUNTER 


Use to control an operation as a 
function of mechanical movement— 
drive shaft can be mechanically 
connected to machine, spindle, con- 
veyor, etc. 


Ask for bulletin 730. 





model HM 
MULTIFLEX (Multiple Circuit) TIMER 


Use for sequence control of 1 to 7 
circuits. With shaft drive for me- 
chanical connection to an external 
drive mechanism. 


Ask for bulletin 130. 


Write us regarding your count problem. 
Services of Sales Engineers in 25 district 
offices are available without obligation. 
Address Dept. MD-260. 
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properly sealed to connector shell 
and cable jacket, unit prevents 
moisture from penetrating to in- 
terior of back shell. Boot virtually 
eliminates need for elaborate fin- 
ishes to prevent corrosion and pro- 
vides resistance to acids and other 
harmful agents. Zippertubing Co., 
752 S. San Pedro St., Los Angeles, 
Calif. 

Circle 731 on Page 19 


Air Friction Clutch-Brake 


is automatically synchronized 


Combination air friction clutch and 
brake is suited for many OEM ap- 
plications where controlled single 
or multiple cycling within a wide 
range of speed is desired, A single, 
automatically synchronized, _ fast- 
acting, air-operated unit combina- 
tion is adaptable for mounting on 
crank, cam, or driveshaft for fly- 
wheel or geared application. It can 
be used with flywheel, gear or drive- 
spider and mounted outboard or 
between bearings. Pressure plate acts 
as both a clutching and braking 
member. Air pressure moves plate 
to engage clutch discs in one di- 
rection, and spring pressure moves 
it in opposite direction to apply 
brake as air exhausts. Absolute 
minimum travel assures fast action 
in both directions. Minster Machine 
Co., Minster, Ohio. 

Circle 732 on Page 19 


Silicone Rubber Tubing 


for use at temperatures 


from —85 to +225C 


~ Flexite SR silicone-rubber extruded 
. SIGNAL COMPANY tubing exhibits outstanding flexi- 
“Wewer © bility, retaining elasticity after long 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS exposure to temperatures from —85 
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SPICER RUBBER ELEMENT SHAFTS CAN HELP YOU 
SOLVE YOUR TORSIONAL RESONANCE PROBLEMS 


If you are faced with the problem of torsional 
vibration from impulses within the operating 
range, Dana engineers may be able to help you 
solve your design problems. 

Spicer resilient propeller shaft assemblies 
have been used successfully for years in rapid 
transit cars, street cars, engine dynamometer, 
truck, bus, earthmover and passenger car ap- 
plications to solve difficult torsional problems. 

Spicer rubber-cushioned shafts make it pos- 
sible for design engineers to “tune out” the 
vibration and thus produce commercially 
acceptable installations. 

Spicer rubber-cushioned propeller shafts 
offer these additional advantages: 


The torsional flexibility limits the 
effect of high impact loads resulting 
from rough shifts and other sudden 
torque changes. 


The cushioning effect prevents clatter, 
rattle, and backlash noises. 


Increased life of bearings, gear teeth, 
splines, and other components due to 
the reduction of high impact and 
torsional loads. 


Reduction of noise transfer. 


Axial flexibility to cushion forces re- 
sulting from length changes. 


Product knowledge and years of experience are available to you through 
Dana engineers to help solve your torsional problems. Contact them today. 


International 295 Payscraper, equipped with a Spicer rubber 
element shaft, at work on the Interstate Highway System. 


<> aOuaY) f.' 


SERVING TRANSPORTATION — Transmissions 
Auxiliaries e Universal Joints « Clutches e Propeller 
Shafts e Power Take-Offs e Torque Converters 


Powr-Lok Differentials e« Gear Boxes e Forgings ° 


CORPORATION 
Toledo 1, Ohio 


Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 


Axles « Stampings @ Frames e Railway Drives 
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IMPERIAL 
Engineering and Data File 
ae 


Caray 


Your slide rule or this New Hi-Seal Tube Fitting Catalog... 


YOU'LL WONDER WHICH 


ONE: HELPS 


Just off the press! A working handbook 
for every man concerned with tubing and 
fitting circuitry. Published by the company 
with a habit of leadership. 


Leading hydraulic and pneumatic engineers, when 
asked to study advance proof copies of Imperial’s new 
Hi-Seal Catalog, came back with comments like these: 
“It’s a reference manual” . . . “The kind of material 
I’ve had to dig up for myself, until now, from several 
reference sources” . . . “Make sure I’m on your list for 
a copy as soon as they are available.” 


298 Circle 538 on Page 19 


YOU MOST! 


The new Imperial Catalog of Hi-Seal tube fittings con- 
tains data, charts, laboratory tests, and formulae on cor- 
rosion, vibration, temperature, pressure and vacuum, 
flow and velocity — vital statistics in hydraulic and 
pneumatic tubing circuitry design. And it describes the 
complete line of Imperial Hi-Seal Tube Fittings — 
industry’s most complete line, based on a single-design 
concept, that meets all tubing circuitry requirements. 
All items in this catalog are stock items and are priced 
as stock items. 


THE IMPERIAL BRASS MANUFACTURING CO. 
Dept. MD-20, 6300 West Howard Street, Chicago 48, Ill. 
In Canada: 18 Hook Avenue, Toronto, Ontario 
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How Imperial’s new Hi-Seal Catalog 
helps you solve these problems: 


SUPER-HIGH PRESSURES. At your fingertips: five 
pages of recommended maximum working pres- 
sures for a variety of tubing materials, from 
minor to 150% surge with a safety factor of ten, 
including Braze-Seal Fittings, the first and only 
make and break joint for extreme pressures and 
temperatures. 


ee ‘3 ‘ 
CORROSIVE ATMOSPHERES. Engineering Data: 
Comprehensive chart rates 140 fluids — from 
sour gasoline to oxalic acid — and the effect 
each has on six stainless alloys, brass, copper 
and aluminum, 


Also covered: formulae for calculating surge 
pressures, tube bursting pressures, Saybolt vis- 
cosity, Reynolds number, Harris formula, and others. 


ts 


SPACE LIMITATIONS. Pages of facts, diagrams, 
sample systems, showing how Hi-Seal's unique 
design concept — throughout the complete line 
— can produce layouts that are more compact, 
save space, save time, save tubing. 


Get your copy of the new Imperial Hi- 
Seal Tube Fitting Catalog now. Tell 
us which type of fitting you are most 
interested in — we'll send you a free 
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to +225C. It has excellent tensile 
strength, elongation, tear strength, 
resistance to corona, oils, and weath- 
ering. Tubing withstands short- 
term temperatures to 315, and is 
rated for continuous use at 200C. 
L. Frank Markel & Sons, Norris- 


town, Pa. 
Circle 733 on Page 19 


High-Temp Epoxy Plastic 


for casting, adhesives, 
and laminating 


Epoxy novolac plastic, D.E.N. 438, 
combines the useful physical and 
handling properties of conventional 
epoxies with the high-temperature 
performance of phenolic resins. 
Temperatures above 400F can be 
handled. Applications include ad- 
hesives, structural laminates, pre- 
preg laminates, filament-wound 
structures, tools, castings, printed 
circuit board, and electrical insula- 
tion. Coating applications are being 
investigated. Dow Chemical Co., 


Midland, Mich. 
Circle 734 on Page 19 


Air-Control Valve 


controls single-acting 
spring-return cylinders 


Low-cost valve is available for on- 
off control of clamp-type and other 
single-acting, spring-return cylin- 
ders. Compact design for use in 
tight places permits it to be in- 
stalled readily in any place in the 





WILKERSON 
SAVES SPACE 


for 


Machine Designers 


HUNDREDS of OEM users have 


proved that Wilkerson provides 
the finest miniature units by any 
comparison 


“WILK-O-MATIC” FILTER 


@ Automatic drain. 
®@Up to 40 CFM. 
@Removes 5 micron particles. 
®@Maximum pressure, 300 PSI. 


“DIATROL” REGULATOR 


®Large flows. 

®3 outlet ports. 

®Tamper proof adjustor available. 

® Non-chattering—self-relieving. 
®Maximum pressure 250 PSI. 
0-50 or 5-125 PSI ranges available. 


“ATOMIZER” LUBRICATOR 


@Up to 75 CFM. 

®Metal or transparent bowl. 
@Tamper proof adjustor available. 
@Site-Flo Gauge and 2 fill holes. 
@Fill without shutting off air. 
@Maximum pressure 250 PSI. 
®Starts lubricating at % CFM. 


WILKERSON MINIATURE 


Units available in Combinations or 
Singles; metal or plastic bowls with 
| or automatic drains. 





Get detailed Specifications. 
WRITE TODAY 


ILKERSON 


CORPORATION 


Dedicated. to heaping the NEW in. pNEUmatic 


1646 West Girard 
Englewood, Colorado 
Circle 539 on Page 19 





BT ¢:%o) by 


YOUR BEST FASTENER 


INSTALL 
UP TO 

30 PER 

MINUTE! 


SAVE UP 
TO 70% 
INSTALLED 
COSTE. 


HEAD STYLES 


The versatile Huckbolt fastener can show you worthwhile 
savings over most other fastening methods. 


These modern, efficient fasteners are available in diam- 
eters, grips, headstyles and metals to meet your require- ‘| f 
ments. 


Lightweight, easy-operating Huck power or hand tools 
can install these fasteners with absolute uniformity up } 


to 30 per minute in the hands of one unskilled operator. 


Your Huck fastening engineer will gladly help you. 


MANUFACTURING COMPANY 


2480 Bellevue Ave. e Detroit 7, Mich. @e WAlnut 3-4500 


Circle 540 on Page 19 





| walk, Conn. 
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line, on cylinder itself, or on ma- 
chine in multiple applications. 
Foster Mfg. Co., 2850 Gravois, St. 


Louis 18, Mo. 
Circle 735 on Page 19 


Printed-Circuit Connector 


has bifurcated, 
undulating-spring design 


Edge-On printed-circuit Hyfen is 
an edge-type printed-circuit con- 
nector for applications demanding 
high reliability. It features a 
bifurcated, undulating-spring design 
which assures multipoint contact. 
Small, lightweight connector uses 
crimp-type, snap-in tips with insula- 


| tion grips to eliminate any need 
| for insulating sleeves. Tips accom- 
| modate combinations of wire sizes 
| as well as single wires. Closed- 
| entry face on board side completely 


protects spring and _ self-aligns 


| warped printed-circuit boards. De- 


sign of connector allows low board 


| insertion and withdrawal forces. 


Omaton Div., Burndy Corp., Nor- 


Circle 736 on Page 19 


Solderless Terminals 


for temperatures from 
—40 to +250 F 


| Avikrimp solderless electrical termi- 
| nals are reinforced by a seamless, 


annealed, tin-plated brass sleeve 
permanently attached over regular 
terminal barrel. Crimped in same 


| operation as barrel, skirt part of 


sleeve permanently grips wire in- 


| sulation, preventing creep. Perma- 
| nently attached nylon insulating 
| sleeve extends beyond metal sup- 


port sleeve. No extra insulation is 


| necessary. Operating temperature 


range for continuous duty is from 
—40 to +250 F, and for inter- 
mittent duty to 350 F. Sleeve is 
color coded for wire range. Ter- 
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Ever see anything so versatile as JAMINUM’ > 


Generally, laminated shims of LAMINUM are cus- 
tom stamped to blueprint specifications. Because 
the laminations are so easily p-e-e-l-e-d to bring 
the shims down to desired thickness, LAMINUM 
shims are used universally on assembly lines 
where they save time and cut costs. 

But occasionally you run into a special situation 
—the need for a shim of vary- 


quarters so as to come up with varying thicknesses 
to correspond with variations in the job at hand. 
That’s LAMINUM! It’s fast. Practical. Precise. 
No need for stand-by equipment. No machining. 
No grinding. No counting. No stacking. No mik- 
ing. And no grit between layers—ever. 
For quick estimates and service, send your 





prints to the Laminated 


ing thickness, for example. oe LAMINUM is the registered trade Shim Company, Inc. » West 
LAMINUM solves that problem a fh a name for Laminated Shims Coast Sales and Service 


with layers completely surface 


with cost cutting ease. As By ge bonded to look and act like 600 Sixteenth St., Oakland 
illustrated, the shim is scored = solid metal. Design Folder No. 12, Calif. *Home Office and 


3 contains all facts and engi- 


into quarters. Then layers neering data. Send for it. Plant 1202 Union St., 





are p-e-e-l-e-d from the 





Glenbrook, Conn. 





IN BRASS MILD STEEL © STAINLESS ALUMINUM... WITH LAMINATIONS .002” OR .003” 
Circle 541 on Page 19 
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minals are available in all tongue 
types. All standard stud sizes and 
basic dimensions are available. 
Terminals feature standard !/,-in. 
min barrel length that eliminates 
squeeze-outs and shearing. ETC 
Inc., 990 E. 67th St., Cleveland 3, 
Ohio. 

Circle 737 on Page 19 


Silicon Transistor 


has extremely rapid 
switching action 


Avalanche Mode silicon transistor 
has average turn-on time of 4 milli- 
microsec (0.000000004) while 
switching 40 w peak power with 


average power dissipation of only 
250 mw. The 2N1468 transistor 
employs JEDEC TO-5 case with 
JEDEC E3-44 base. It is expected 
to have important applications in 
computers, sampling oscilloscopes, 
klystron pulsing, and other ad- 
vanced equipment where switching 
capacity of transistors limits speed 
and efficiency of equipment itself. 
Semiconductor Div., Raytheon Co., 
215 First Ave., Needham Heights, 
Mass. 

Circle 738 on Page 19 


Nylon Gear Couplings 


need no lubrication 


Series J gear couplings, with hubs 
and sleeves made of high-strength, 
stress-relieved nylon, are designed 
for direct drives with small integral- 
hp and fractional-hp motors. They 
have been tested for static torque 
of 1100 lb-in., more than ten times 
recommended operating torque of 
100 lb-in. Hubs are bored for 
shaft sizes of 34, Y%, 5%, and % in., 
and are locked in position on shafts 
with two set screws spaced 120 deg 


apart. Two larger sizes also have 
keyways 3/16 x 3.32 in. in size. 
Couplings are compact, with over- 
all length of 2-9/32 in. and sleeve 
OD of 1-15/16 in. Waldron-Hartig 
Div., Midland-Ross Corp., P. O. 
Box 791, New Brunswick, N. J. 
Circle 739 on Page 19 


Multipurpose Oil 


has temperature range 
of 40 to 350 F 


Anderol L-456 is a multipurpose 
oil for gears, slides, bearings, and 
precision parts. Featuring good ex- 
treme-pressure qualities, penetra- 
tion, compatibility with ordinary 
lubricants, and long life in general- 
purpose applications, medium-heavy 
diester oil has over-all temperature 
range of 40 to 350 F. It has a low 





TEMPERATURE SENSOR FLEXIBLE COUPLING 


ACCURATE, NO-DRIFT CONTROL 
FOR APPLIANCES SOLVED BY 
ROBERTSHAW DIASTAT’ ASSEMBLY 


ELIMINATE BACKLASH, END-PLAY! 
ABSORB VIBRATION, SHOCK WITH 
ROBERTSHAW FLEXIBLE COUPLINGS 


+ .006 
4.413» Ree 


15> “2 i, 3 aS ‘ 
Fes ee ae SA = 
| } V5 
a F “) — APPROX.+-*e— 
wi: TJ eS SS NOS .=—=;, 
4 £001 + 0005 
Z(150 O.D. X .0935 1.D.) 





I} (078 ©.D. x .015 1D.) 


Temperature sensing elements like this one for a range 
oven control offer permanent accuracy with no drift, 
consistent calibration, no resetting, long life and 
savings in space, weight and unit cost. Ambient tem- 
perature sensing devices are unnecessary in most appli- 
cations. Typical stroke is .035” for a 1” diameter 
stainless steel diaphragm. Ideal for sensing tempera- 
tures up to 650°F. All units are custom engineered and 
delivered as pre-assembled ‘“‘packages,” tested and 
ready for mounting. WRITE FOR BULLETIN N-602 
Circle 542 on Page 19 


Servomechanisms, instruments and similar drive and 
control systems are the big users of these small, flex- 
ible units. Ideal for guarding against misalignment 
friction and bearing wear problems. Save space and 
weight. Cut down noise. Simplified design utilizes 
seamless metallic bellows, in choice of several metals, 
connected to two hubs. Sizes from '%" O.D. Stock 
sizes accommodate shafts from %” to 4%”. Other sizes 
custom-engineered. WRITE FOR DATA SHEET N-802 
Circle 543 on Page 19 





evaporation rate, viscosity index of 
174, and excellent resistance to 
sling-off, drip-off, and wipe-off. Oxi- 
dational stability is excellent. Oil 
is available in pint, quart, and gal- 
lon cans, and 5 and 55-gal drums. 
Industrial Lubricants Div., Lehigh 
Chemical Co., Chestertown, Md. 
Circle 740 on Page 19 


Drum Counter 


is subminiature, 
four-digit unit 


Model 3523 is a four-digit, low-cost, 
reversible counter. Diameter of 
drums is 0.46 in. with 14-in. high 
characters. Unit has Geneva-move- 
ment pinions and gears molded of 
impact-resistant thermoplastic. Fur- 
nished with a mounting bracket for 

tes — 


4 


miniaturization, counter has unit 
lugs which can be clipped off and 
two screws used in base for mount- 
ing. Haydon Instrument Co., 165 
W. Liberty St. Waterbury 20, 


Conn. 
Circle 741 on Page 19 


Data Elements 
are now produced 


entirely of metal 


Inductosyn data elements, consisting 
of scales, sliders, rotors, and stators, 
are used for machine tool, missile, 
navigation, and fire-control systems 
for both linear and angular posi- 
tioning. Formerly made of glass, 
they are now produced entirely of 
metal. Units provide simple, reli- 
able means for direct measurement 
and control of mechanical move- 
ments to accuracies of 40 mu in. 
in linear and | sec of arc in angle. 
Conductor patterns of the all-metal 
scales and sliders are of metallic 
copper, 0.002 in. thick, secured to 
a thick metal base by an insulating 
bonding layer, 0.0025 in. thick. 
Bases are iron, steel, stainless steel, 


NEW PARTS AND MATERIALS 





aluminum, magnesium, and titani- 
um to match metal of machine to 
which they are mounted. Rotary 
units are supplied in all metals 
with improved transformation ratio 
when iron. Farrand Controls Inc., 
4401 Bronx Blvd., New York 70, 


, ie 2 D 
Circle 742 on Page 19 


Control Knobs 


have sloping pointers to 
eliminate parallax 


Two bar-knob styles which virtually 
eliminate parallax through use of 
sloping pointers have been added 
to a line of control knobs. Series 70 
knobs are furnished in black or 





MINIATURE BELLOWS 


SAVE SPACE AND WEIGHT 
WITH RUGGED, MINIATURE 
ROBERTSHAW METALLIC BELLOWS 


PRESSURE RELIEF VALVE 


VENTS PRESSURE BUILD-UP IN 
TRANSFORMERS, TANKS... RESEALS 
AUTOMATICALLY WITH NO RESETTING! 


ess Raat an Lila 














| | 


Seamless metallic bellows only 4%” and %” O.D. 
permit further miniaturization in aircraft, missiles, 
instruments and other equipment. Available in a wide 
range of bellows metals to provide the desired strength 
and performance characteristics. Sensitive to tempera- 
ture and pressure changes. Custom-engineered . . . but 
available in any quantity you need. Proved in dozens 
of ministurized assemblies. WRITE FOR BULLETIN N-102 


Circle 544 on Page 19 


Now you can forget breakaway seals that have to be 
replaced each time dangerous high pressure build-ups 
are relieved. Robertshaw Pressure Relief Valve operates 
instantaneously. No moisture or contaminants can 
enter vessel during blow-off or automatic resealing 
and resetting. No periodic inspections necessary. 


WRITE FOR ENGINEERING DATA SHEET N-902 


BRIDGEPORT 


THERMOSTAT DIVISION 
Milford, Conn. 
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CAMBRIDGE METAL-MESH BELTS are 
the answer to the big problems you'll face 
in the competitive 60’s—tighter operating 
costs, higher production and consistent 
quality. 

Continuous movement of foods, metal 
parts, ceramics or chemicals on Cam- 
bridge Belts through processing operations 
speeds production and eliminates costly 
manual handling. Open mesh construction 
allows heat, cold or liquids to flow through 
the belt and around the product for 
thorough, uniform treatment. Superior 
belt design and manufacturing techniques 
mean longer life, fewer repairs, lower 
operating costs. 

Belts can be made heatproof, coldproof 
or acidproof — in any mesh, weave, metal 
or alloy — with any side or surface 
attachments. 

Have your Engineering Department 

call the Cambridge Field Engineer in 

your area. He'll be glad to discuss 

any aspect of Cambridge Belts — 

from manufacture to installation and 

service. He's listed in the yellow 

pages under “Belting, Mechanical’. 

Or, write for FREE 130-PAGE REFER- 

ENCE MANUAL, 





The Cambridge 
Wire Cloth Co. 


Department Ne Cambridge 2, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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gray, with or without dial skirts, 
and in either mirror or nonreflec- 
tive matte finish, Knobs comply 
fully with military specifications. 
Commercial Apparatus & Systems 
Div., Raytheon Co., Waltham 54, 
Mass. 
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Speed-Detecting Governors 


are now housed in 


stamped-steel box 





STAMPED STEEL HOUSING— 
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Synprotex speed-detecting switches | 
are furnished in new box housing, | 
designated Style B. Stamped-steel | 
housing accepts up to two different | 
speed-detecting units, each of which | 
can detect a high and low limit. 
Speeds from 500 to 4000 rpm can | 
be detected. Box, complete with | 
wiring knockouts and flange for ex- | 
ternal mounting, is 234 x 41/4 x 3 | 
in. in size, with shaft length and | 
diameter to order. Switches used | 
detect predetermined speeds within | 
1 per cent. They are actuated by 
speed alone, independent of volt- 
age, load, or other environmental | 
conditions. Torq Engineered Prod- 
ucts Inc., 32 W. Monroe St., Bed- 
ford, Ohio. 
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Silicon Glass Diodes 


for computer and 
general applications 


Glass-package, 1/4-w silicon zener 
diodes have many applications in 
oscillators, dc-coupled amplifiers, 
switching circuits, multivibrators, 
level shifters, clamps, subtractors, 
and_ references. Diodes, in an 
axial-lead package, feature a type- 
number marking on each _ unit, 
rather than color banding system | 
used on similar devices. They are 
particularly valuable as_ replace- 
ments for neon lamps in com- 
puter circuits where photon emis- 
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New Hydraulic Packing 
US 
Specification & Application 


a 
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Here is complete information on the finest available line of 
hydraulic packings... an extremely wide variety of types and 
constructions, each correctly compounded to particular service 
requirements and laboratory controlled to insure uniform qual- 
ity. Available now from “John Crane”, this complete line is the 
answer to practically every hydraulic packing requirement. 

Request Catalog 90. You can’t afford to be without this 
detailed engineering guide. 

Crane Packing Co., 6425 Oakton Street, Morton Grove, 
I1linois (Chicago Suburb). In Canada: Crane Packing Company, Ltd., Hamilton, Ont. 
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MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY 
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DIMENSIONAL 


ACCURACY! 


A tough challenge 
eee met by 


UNITCASTINGS!: 


Four-way specifications for this pair of steering arms combined 
tolerances difficult to hold in sand casting. Structural contour, sur- 
face limitations and internal consistency are accepted with regu- 
larity at Unitcast. However, a fourth requirement, relationship of 
extremities in such an unusual casting design is a tough problem 
to solve economically ! 

With a reasonable finished cost as an objective, Unitcast’s 
quality control specialists recommended an unorthodox molding 
method. Special pattern equipment was built to control distortion 
in the spider-like arms... metal flow was redirected along with 
other unusual procedures. Finally, inspection jigs assured delivered 
accuracy. 

Unitcastings more than meet customer’s requirements and cost 
remained competitive! Unitcast can offer a similar service for your 
problems . . . call today for a Unitcast Sales Engineer. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNICAST STEEL, LTD., Sherbrooke, Quebec 





SPECIFICATION 








Unitcast — 
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sion is not required. Entire series, 
1/4M6.8Z through 1/4M200Z, offers 
43 separate voltages from 6.8 through 
200, in tolerances of 20, 10, and 5 
per cent. Excellent electrical stabil- 
ity and mechanical ruggedness com- 
bine to provide maximum reliability. 
Semiconductor Products Div., Mo- 
torola Inc., Dept. NGD, 5005 E. 
McDowell Rd., Phoenix, Ariz. 
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Control Valve 


controls flow into 
hydraulic motor 


Lightweight valve stops hydraulic 
motor run-away, prevents damage 
to equipment, end assures safe 
working conditions. Operating pres- 
sure for the 5-oz unit is 3000 psi. 
Normal flow is 2.2 gpm with maxi- 
mum allowable flow of 3.5 gpm 
and limited flow of 0.5 gpm. Pres- 
sure drop across valve is 20 psi max 
for flow of 2.2 gpm. Speed limiter 
automatically limits flow when it 
reaches maximum setting. After in- 
let pressure is reduced to 15 psi, 


valve automatically resets and per- 
mits normal flow. Constructed of 
stainless steel, with bulkhead fit- 
ting on outlet port, unit handles 
usual hydraulic fluids and oronite. 
Fluid Regulators Corp., 313 Gillette 
St., Painesville, Ohio. 
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Coupling and Clutch 


is available in a 
wide variety of bores 


Universal in-line coupling and slip 
clutch, designated T14, is available 
in a wide variety of bores in both 
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alvair’s® UNIVERSAL 
TIMING SEQUENCE HEAD 


Times in, times out, times in and out... provides delay 
from 0 up to 30 seconds ... repeatability within 2% ... 
changes function without disassembly ... for use with 
any Valvair Speed King or Inline Valve 




















For more information, write for 
Bulletin E-1A, Address Dept. MD260. 


For accurate control, to simplify circuits, to eliminate 
timers and relays, to lower control component installation 
and maintenance costs, use Valvair’s universal timing 
sequence head. This unit is supplied in two types; one for 
direct mounting between the pilot and valve body; one 
for direct mounting on the valve body, with remote pilot 
control. 


Function can be changed in seconds, without disassembl 

and with line pressure on the valve. Just loosen the loc 

screws slightly, turn the indicating barrel to the desired 
function mark, then tighten the lock screws. 


A port is provided for installation of accessory reservoir 
capacity . . . delay can be extended up to several minutes. 
And, the Valvair name on this unit is your assurance of 
sound design, quality construction, micro-accurate per- 
formance and multi-million cycle dependability! 


Find out how Valvair’s sequence head can provide the 
results you want, at a cost saving you'll like, on the new 
equipment you're designing or on existing machines you’re 
up-grading. Yes, this sequence head can be used on your 
eo SPEED KING and INLINE valves, too. Ask your 

alvair or Bellows Field Engineer for recommendations 
.. . they’re located in over 125 major industrial cities. 


Valvair Corporation, 454 Morgan Ave., a ) Va i i AKRON 11, OHIO 


Akron 11, Ohio. 
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Other INDUSTRIAL DIVISIONS of IBEC: The Sinclair-Collins Valve Co. 
The Bellows Co., Akron, Ohio * V. D. Anderson Co., Cleveland, Ohio. 
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electro- 
magnetic 


Clutches... 


- « « designed for tomorrow’s 
requirements rather than 
yesterday’s applications! 


Whatever the requirements — for missiles or machines — for com- 
puters or conveyors — for rockets or rolling mills — there’s a 
Stearns Clutch, Brake, or Clutch-Brake designed, tested and in 
production for that application . . . right now! Stearns Standard 
Line covers the most complete range available anywhere . . . from 
complete lines of tiny-but-rugged Miniatures — up to the heavy- 
duty, hi-torque units used with ball mills and steel mill equipment. 
“Designed for Tomorrow’s Requirements” signifies: 1. Prompt 
availability of fully assembled, tested units. 2. Higher torques in 
less space, with less weight — while maintaining up to 3 times the 
friction lining area of competitive units. These factors alone in- 
sure delivery WHEN you want it — at lower shipping costs... 
install them faster, easier . . . units that will operate more quietly, 
efficiently, smoothly — with less maintenance, 1-o-n-g-e-r, under 
ALL conditions. Proof ... over 40 years of steady growth in just 
this one field — Clutches, Brakes. 


For solutions to YOUR brake and clutch problems, call the 
Stearns representative in your vicinity. Or write, stating your 
specific requirements, directly to . . 


ELECTRIC CORPORATION 


.120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
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split or pin-type hubs. Spring-slip 
torques are adjustable from 0.05 to 
50 oz-in. Shaft-to-shaft misalign- 
ment is up to 0.01 in., end angular 
misalignment up to | deg. Maxi- 
mum backlash is 10 min. PIC 
Design Corp., 477 Atlantic Ave., 
East Rockaway, L. I, N. Y. 
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Teflon Tape 
for wire wrapping 


Teflon skived tape with controlled 
low-shrinkage shows no more than 
2 per cent change in any dimension 
when heated free at 730 F for 15 
min. Tape is available for wire 
manufacturing requiring insulating 
materials which are capable of 
withstanding prolonged exposure to 
high temperatures without cracking 
or splitting. It is available in 
thicknesses from 1 mil up and 
widths from 14 to 12 in. Dixon 
Corp., Briston, R. I. 
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Double-Coated Tape 


provides low-cost 
bonding method 


Positive, permanent bonding of 
plasiics, wood, metal, leather, and 
fabric surfaces in manufacturing 
and assembly operations is done 
faster, more economically with pre- 
cut double-coated tape. Products 
are manufactured from self-sticking 
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Bridgeport Duronze 107 
A tenfold increase in service life...that’s the outstanding contribution made 
by Bridgeport’s Duronze 707 to gate valves manufactured by Ohio Injector 
Company, Wadsworth, Ohic. The big difference is in the valve stems. 
Duronze 707 not only provides exceptional strength in the stems, but also 
eliminates risk of seizing or galling. Thread wear is kept to a minimum. 
In addition, this corrosion-resistant alloy offers an important manufactur- 
ing advantage in good machinability. 
The toughest valve stems the industry has ever known 

were evolved through close cooperation between Bridge- 

port and Ohio Injector metallurgists. This type of co- 

operation is open to all manufacturers. It means that a 

standard alloy can often be chosen to provide the most 

effective and economical solution to product or produc- 

tion problems. 

Bridgeport Technical Service will gladly advise you 

on any problems involving metals and their application. 

Just call your nearest Bridgeport Sales Office—or write 

directly to Bridgeport Brass Company, Bridgeport 2, 

Conn., Dept. 4302. 


BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Connecticut 
Specialists in Metals from Aluminum to Zirconium 
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Fabricating Aluminum 


increase 
strength 
and 
beauty... 
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production 
costs. .. 


with Townsend 


a 
. 
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Aluminum Lockbolts 


Appearance is improved, since 
the aluminum lockbolts* match 
the material being fastened. Joints 
are neat—there is no roughness or 
weld-splatter, no tool marks, no 
rust streaks after exposure to 
weather. 

Lockbolts will not alter the 
mechanical values of the material 
being fastened, and their high 
tensile pre-load values are uni- 
form. These two factors make 
design calculations simpler and 
more accurate. 


Townsend aluminum lockbolts 
can lower your production costs, 
because operators with no special 
skill or training can make strong, 
uniform joints at high production 
rates. The setting guns are de- 
signed to eliminate the possibility 
of human error. 

If you are fastening aluminum, 
investigate advantages of Town- 
send lockbolts. Write for Bulletin 
TL-101. Townsend Company, En- 
gineered Fasteners Division, P. O. 
Box 71-E, Ellwood City, Pa. 


*Licensed under Huck patents RE22,792; 2,114,493; 2,527,307; 2,531,048; 2,531,049 and 2,754,703 


Townsend Company 
CE Pee a 


Engineered Fasteners Division 


ELLWOOD CITY - PENNSYLVANIA 
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tapes, coated with pressure-sensitive 
adhesive on both sides. Tape is 
precision-cut to meet product re- 
quirements, and furnished mounted 
on dispenser cards. Products can 
be substituted in practically any 
application where liquid or paste 
adhesives are used, and will replace 
many types of metal fastening de- 
vices in assembly operations. A 
variety of double-coated tapes is 
available, many with special phys- 
ical properties, to meet applica- 
tion requirements. W. H. Brady 
Co., Dept. DC, 727 W. Glendale 
Ave., Milwaukee 9, Wis. 

Circle 749 on Page 19 


Press-Fit Terminal 


is double-turret, 
Tefion unit 


Terminal No. 2610 press fits into 
holes 0.136 in. in diam, +0.002 in., 
in panels from 1/32 to % in. thick. 
Double-turret Teflon unit is suit- 
able for use wherever conditions of 
extreme humidity and low capacity 
to ground are encountered. Two 
over-all lengths are available: No. 
2610-6, 9.325 in. long with greatest 
spacing between top and middle 
turrets, and No. 2610-7, 0.365 in. 
long with turrets spaced approxi- 
mately equidistantly. Terminals 
are brass per QQ-B-626a. Finish 
is either 0.0003-in. silver plate plus 
water-dip lacquer or 0.0003-in. tin- 
lead solder plate. Cambridge 
Thermionic Corp., 445 Concord 
Ave., Cambridge 38, Mass. 

Circle 750 on Page 19 


4000-psi Valve 


for temperatures from 
—65 to +275 F 


No. A-70198 valve combines high- 
pressure hydraulic relief, pressure 
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Barden Precision SFRI-5 miniature bearings as used in a computer gear train. 


Precision-built computer gear trains must 
have uniformly low torque and minimum 
backlash; mounting surfaces for the bearings 
should be simple to manufacture. 


Barden Precision miniature-size bearings 
have the required low torque. Their low 
eccentricity and closely controlled radial play 
assure minimum backlash. Precision flanges 
* provide accurate positioning surfaces and 
permit through-boring, eliminating the need 
for housing shoulders. 


Barden Precision miniature bearings are built 
to the same high standards of consistent 
quality as Barden’s larger instrument sizes. 


DEM Precision miniature ball bearings 


Barden Precision means not only dimensional 
accuracy but performance to match the de- 
mands of the application. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature, or high speed. For 
less difficult applications, the predictable per- 
formance of Barden Precision bearings can 
cut your rejection rates and teardown costs. 


Write today for your copy of Catalog Sup- 
plement M1 which gives dimensions, per- 
formance and engineering data on Barden 
Precision ball bearings 544” O.D. and smaller. 


THE BARDEN CORPORATION 


208 Park Ave., Danbury, Connecticut + Western office: 3850 Wilshire Bivd., Los Angeles 5, California 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR: INSTRUMENTS © AIRCRAFT ACCESSORIES * COMPUTERS AND RECORDERS * MACHINE TOOL AND TEXTILE SPINDLES * OTHER PRECISION APPLICATIONS 





1960 
KTOOL SHOW 
and CONFERENCE 


DETROIT ARTILLERY ARMORY 
APRIL 21ST THRU 28TH 


The nation’s foremost forum for the advancement 
of scientific knowledge in the field of tool engineering 
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reducer, and check valve. It op- 
erates at pressures to 4000 psi at 
temperatures from -—65 to +275 
F. Designed for hydraulic fluid per 
Specification MIL-0-5606, it can be 
adapted to use other hydraulic 
fluids. Vinson Engineering & Sales 
Corp., 8044 Woodley Ave., Van 
Nuys, Calif. 

Circle 751 on Page 19 


Air Cylinders 


are single-acting units with 
three-way solenoid valve 


Two new models of valve-in-head 
cylinders are single-acting units fea- 
turing a three-way solenoid valve 
built into rear head. Model AVSA 
is designed for gravity or air re- 
turn, and Model AVSR features an 
internal spring to return the rod. 
All barrels and heads are brass; 
rods are ground and polished stain- 
less steel. Both models are avail- 
able in all popular voltages. Choice 


many 
satire, Me settle mesrincniiitic ements 
on 


of four mounts is offered, as well as 
a rod clevis. Allenair Corp., 255 
E. Second St., Mineola, N. Y. 

Circle 752 on Page 19 


Insulating Material 


permits high 
transformer loadability 


HT 50 insulating material permits 


high thermal overloads in oil-filled 
transformers with no sacrifice of in- 
sulation life. It gives same life ex- 
pectancy at 30-C higher operating 
temperatures than standard trans- 


| former insulation papers and boards 
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give at 105C. Material remains in- 
ert in both standard and inhibited 
transformer oils. It is comparable 
with standard insulating media in 
oil absorption, formability, and 
other physical properties. Material 
is available for field evaluation in 
sheets from 0.031 to 0.25 in. thick. 
Spaulding Fibre Company Inc., 310 
Wheeler St., Tonawanda, N. Y. 
Circle 753 on Page 19 


Rotary Limit Switches 


are explosionproof 


Rotary limit switches with gear 
ratios from 5:1 to 1750:1 are now 
housed in lightweight, cast-alumi- 
num NEMA-7 enclosures. Positive, 
independent cam settings allow ad- 
justments of one cam without up- 
setting position of other. Switch is 


rated at 125, 250, and 460 v, 15 
amp ac, 125 v, 4% amp de, 250 v, 


14, amp de. Self-lubricating, pow- 
dered - metal - impregnated bearings 
give lifetime lubrication. Gemco 
Electric Co., 25685 W. Eight Mile 
Rd., Detroit 40, Mich. 
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Copper-Clad Laminate 


is flame retardant 


Copper-clad, hot-punch, paper-base 


phenolic laminate is called either | 


Fireban 321-R or Fireban 321-E, de- 
pending on whether copper foil is 
rolled or electrolytically deposited. 
Material possesses excellent punch- 
ing and electrical characteristics, in- 
cluding high insulation resistance 
and surface resistivity in base stock. 
Flame-retardant material is offered 
in sheets of approximately 36 x 48 
in. in thicknesses from 0.02 to 0.25 
in. Base stock is translucent and 
can be cold-punched to 1/16 in. 
thickness. Maroon in color, lami- 
nate is furnished with a semigloss 
finish, number 4 plate. Copper foil, 
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Most Important Event 
in METALWORKING 


1960 ASTE 


TOOL SHOW 
and 


CONFERENCE 


530 exhibitors will be on hand to show 
and demonstrate more than 6,000 
products . . . machine tools and at- 
tachments, precision control and in- 
spection equipment, automation de- 
vices, cutting tools, dies, jigs and 
fixtures . . . everything, in fact, that’s 
new in tools and tooling. It’s your 
best opportunity to see, study, com- 
pare ... under one roof, at one time 
eis the most modern, scientific 
methods, processes and tools in 
metalworking. 


Equally important, the Tool Engi- 
neering Conference, with its 36 tech- 
nical sessions, 70 outstanding papers, 
offers you an opportunity to learn 
about and discuss the latest technical 
advances and developments in the 
science of tool engineering. 


There’ll be plant tours, too...a 
chance to see and study, in actual 
operation, product and process meth- 
ods in the world’s major center of 
high-volume production. 


All of these scientific and educa- 
tional attractions, and more, will 
bring more than 35,000 metalworking 
management, engineering and produc- 
tion men to the 1960 ASTE TOOL 
SHOW. Make sure you’re one of 
them! Write or wire immediately for 
your rapid registration forms. 


AMERICAN SOCIETY 
OF TOOL ENGINEERS 


10700 PURITAN AVENUE 
DETROIT '38, MICHIGAN 


APRIL 215'-28' 
DETROIT 
ARTILLERY 
ARMORY 
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Typical Control Functions 
solved by AIR CIRCUITRY 


@ The H-5 RELAYAIR Valve, one of many 
Westinghouse Air Circuitry Components, is 
a pilot operated, directional control valve. It 
may be normally open or normally closed, 
depending upon port connections. 

Various spring settings provide operating 
pressures from 3 to 150 psi. An easily re- 
movable pipe bracket permits removal of 
valve without disturbing pipe connections. 


Envelope size: 7%” x 7%” x 4%” 
Maximum supply pressure 200 psi. 


Typical Applications—In addition to the illustrated 
functions, this highly versatile valve has been 
and can be used in all conceivable types of air 
circuits. Some of these are as follows: cycling 
operations, safety interlocks, low pressure 
alarm signals, emergency cut-off of power, 
emergency brake applications, remote con- 
trol station relays, sequence control timing, 
and many many others. 

If you have a control problem, let us know 
about it. It can probably be solved with Air 
Circuitry. For more information, ask for 
Catalog A5-81.01. 


What is air circuitry? 

This is the Westinghouse term for application 
of pneumatic control systems to industrial 
production operations. Safe, economical, 
precise Air Circuitry is now being used to 
solve the most rigorous and complex control 
problems in industry. Westinghouse Air 
Brake has pioneered the application and de- 
velopment of air control for more than 80 
years. Today our engineers can design an air 
circuit which will help you boost production 
and cut costs in your plant or shop. 
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es SPRING TO SUIT 


1. RELAY—To increase flow or 
pressure in an air circuit. An air 
signal directed to line “A” overcomes 
a spring opposed diaphragm to con- 
nect line “B” to line “C.” Various 
spring values determine operating 
pressure. 


"pn 





~ Se’ SPRING 70 SutT 

2. TIME DELAY—To provide auto- 
matic power unloading. Air signal 
pressure in line “A” flows through the 
device to line “C” to perform specified 
operation. A check valve with choke 
and a volume provides a time delay 
by requiring a predetermined pres- 
sure be built up before line “C” is 
vented to atmosphere. 


3. LOCK-UP—To provide a hold-in 
feature. Air signal in line “A” con- 
nects line “B” to line “C.” Air from 
line “C,” through a shuttle valve, 
holds this connection when signal air 
is vented. 


4. CRISSCROSS INTERLOCK — 
To prevent energizing one line be- 
fore another is vented. With lines “A” 
and “B” energized with air pressure, 
line “D” is vented to atmosphere. 
Line “D” cannot be energized until 
line “B” is vented. The converse is 
true when lines “C” and “D” are 


energized. 


"6 ——T spRnG TO SUIT 
5.SEQUENCE INTERLOCK—To 
insure one function is performed be- 
fore another is initiated. Line “A” 
must be energized to a predetermined 
pressure before line “B” can pass air 
to the next function. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor 





WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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furnished on one or both sides, has 
minimum purity of 99.5 per cent. 
Rolled foil is available in thick- 
nesses of 0.0014, 0.0028, and 0.0042 
in. Electrolytically deposited foil has 
thicknesses of 0.0014 or 0.0028 in. 
Taylor Fibre Co., Norristown, Pa. 
Circle 755 on Page 19 


Manifold Valve 
is differential-pressure 
type unit 


Having only one moving part, dif- 
ferential-pressure manifold valve is 
actuated on control side by air, gas, 
or other fluids. Working side han- 
dles same or other gases, fluids, or 
slurries. It is available in a variety 
of materials including aluminum, 
brass, nylon, Teflon, and stainless 
stecl. Port sizes range from 1% to 
Y in. NPT on both control and 
working sides. Fast response, quiet 
operation, and economical installa- 
tion are additional features. Frank- 
el Engineering Laboratories Inc., 
207 S. Fifth St., Reading, Pa. 

Circle 756 on Page 19 


Positive-Drive Belt 


for speeds under 100 fpm 
to more than 10,000 fpm 


Combining the advantages of the 
chain and gear with advantages of 
belt, positive-drive belt is built on 
a toothgrip principle. Molded 
teeth of the belt make positive en- 
gagement with mating axial grooves 
on the pulleys. Drive provides un- 
usually versatile applications on 
drives to 600 hp and from speeds 
under 100 to more than 10,000 
fpm. Advantages include elimina- 
tion of slippage, negligible fric- 
tion, no need for lubrication, and 
a wide range of constant speed. 
Positive-drive belt drives are light 


Macuine Desicn 





NOT ALL GEAR SHAPERS CUT GEARS 


. .. a lot of them are in production, cutting parts having non-involute shapes 
of various kinds. Many designers take full advantage of the versatility of the 
Gear Shaper by designing odd-shaped parts that can be easily and economically 
generated by merely using special Fellows cutters and fixtures on their standard 
Fellows machines. 

The almost unlimited variety of work includes square and elliptical shapes, 
cams, pawls, pump rotors, etc., both internal and external. 

Remember this plus value which helps guarantee a full, profitable work load 
on your Fellows generating equipment. 

The Art of Generating with a Reciprocating Tool”, a fact-packed 48-page 


catalog, gives details on this versatile production technique. May we send you a 
free copy? No. 4GS Fellows Gear Shaper 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont, U.S.A. 
Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N.]J. 
THE 5835 West North Avenue, Chicago 39 
PRECISION 6214 West Manchester Ave., Los Angeles 45 


LINE Gear Production Equipment 
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This Success t 
No Seeret:.. 


The Dillon Mechanical 
Force Gauge is used for pre- 
cision measurement of pres- 
sure, tensile or torque. For 
ease in applying load to ten- 
sile models, Unibal rod end 
bearings are attached to each 
leg of the alloy steel bar. If an 
oscillating, push-pull motion 
must be measured, both the 
compressive load and the 
tensile load are applied 
through Unibal rod ends. 


In this case, an instrument 
calibrated 180 degrees in 
compression (reading clock- 
wise), and 180 degrees in 
tensile (reading counter- 
clockwise) is required. 


Here is a true success story 
of a device, built with watch- 
maker’s precision, which is 
designed to check all such 
loads, even in limited space. 





\ 


Heim Unibal Male Rod End 








It is no secret 
that the 


HEIM Yndlat © 


SPHERICAL BEARING 
ROD END 


contributes to the successful op- 
eration of the Dillon Force 
Gauge. Two Unibal male- 
threaded rod ends are attached 
to the pressure bar. Calibra- 
tion in both tensile and com- 
pression is conducted against 
a pin placed through the Uni- 
bal, or eye, of the rod end. 


Heim Unibal corrects misalignment in every direction, reduces friction, 
carries maximum loads, saves time and money in assembly. 


All Heim bearings are available through the leading bearing distributors in the U. S. 
and Canada. Send for complete catalog with distributors’ names and locations. 


THE HEIM COMPANY 


FaAitiR‘Fte«eéto, con NE CTI CU Tt 
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in weight, with a high horsepower- 
to-weight ratio, require minimum 
space because of compact design, 
and maintain a low noise level. 
They are free from heat build-up 
and have high mechanical efficiency. 
Belts have steel-cable tension mem- 
bers, providing high tensile strength, 
long flex life, and high resistance 
to elongation. Durable neoprene 
backing which encases tension mem- 
ber protects cables from grime, oil, 
and moisture, and from frictional 
wear. Positive-drive belts are 
adaptable to almost any kind of 
power-transmission drive. Durkee- 
Atwood Co., 215 N. E. 7th St. 


Minneapolis 13, Minn. 
Circle 757 on Page 19 


Heavy-Duty Couplings 
in shaft sizes to 6 in. 


Torque-disconnecting couplings are 
readily adjusted within a wide range 
of torque values. They are extreme- 
ly accurate, disconnecting at a pre- 
set torque value, practically inde- 


pendent of friction, dryness, or oili- 
ness of surfaces. Couplings are read- 
ily reset after disconnecting. Shaft 
sizes range from small units to 6 
in. Odin Corp., Castleton, Ind. 
Circle 758 on Page 19 


In-Line Valve 
has high flow coefficient 


Compact !/-in., in-line valve has a 
flow coefficient of 7.5 and is rated 
for 300 psi maximum pressure at 
180 F. Valve is only 234 in. in 
diam and 3/4 in. long, including 
hexagonal, screwed connections. It 
has a minimum number of parts, 
and plug can be reversed in the 
field without extra parts. Valve 
is ported on both sides of operating 
piston and can be assembled for 
spring-to-open or spring-to-close op- 
eration. Springs of different rates 
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SEVEN PARTS REDUCED 10 THREE 


—A BRIDGEPORT CORED FORGING STORY 


The conventional 7-part stanchion 
socket shown on the left requires a 
cast base and tubing, cast cap, brass 
web and three rivets. Manufactur- 
ing it involves some 20 operations 
including machining, cutting, sold- 
ering, drilling, riveting, and final 
polishing and plating. 


In comparison, the cored forging 
stanchion socket, on the right, de- 
veloped by Bridgeport’s Cored 
Forging Division requires only 3 
parts and a total of 5 assembly op- 
erations, The socket and cap are 
forged to perfect dimensions...only 
polishing and plating are needed. 
For the web, a piece of scrap 
trimmed from the forging is util- 
ized. Just the right size, it requires 
only a press fit. 


Result is a big 20% savings in 
processing, assembly and labor 
costs, plus additional benefits in im- 
proved appearance and _ perform- 
ance. Moreover, the cored forging 


La 


stanchion socket is stronger and 
lighter in weight, giving an extra 
bonus in reduced shipping costs. 


Bridgeport’s forging processes, 
both solid and cored, offer similar 
outstanding advantages for your 
component or part. A skilled Engi- 
neering Staff is ready to serve you. 
They can show you the way to bet- 
ter products at less cost. 


Write to Dept. 8901 for your copy 
of a detailed 12-page brochure, 
“Bridgeport Forgings,” and a free 
analysis of your forging problems. 


CORED FORGING DIVISION 
BRIDGEPORT BRASS COMPANY 


1000 Connecticut Ave., So. Norwalk, Conn. 


Specialists in Metals from Aluminum to Zirconium 
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RIVETS 


Assemble finely finished 
wood chair panels, enam- 
eled or painted metal 


sheets, “POP” 


Rivets 


save the surface. Setting 
tools can’t slip. Burrs on 
fastener head and counter- 


sinking are eliminated. 





“por” RIVET 


a 


CLINCHING MANDREL — 


_., SEY 


SETTING TOOL 


MANDREL BREAKS 
AND FALLS FREE 


HOW THEY WORK — “POP” Rivets are assem- 

bled on a precision high- tensile mandrel. 
Mandrel head is drawn into the reverse side 
of rivet with a setting tool. Mandrel head 
breaks off under tension clinching the rivet. 
Work is squeezed by compression — con- 
trolled radial expansion. Setting tools from 
$18 to $300. 











“POP” RIVET DIVISION 


UNITED SHOE MACHINERY CORPORATION 


RIVER ROAD, SHELTON, CONN. 
REgent 5-3391 


“POP” Rivets set by compres- 
sion without the turning action 
which tears the surface finish 
allowing corrosion to start. 
Fasten sheets as thin as .020 dead 
soft aluminum or 24 gauge steel 
without distortion. Use thinner 
materials without creating a 
fastener problem. 

“POP” Rivets install and set 
from same side. Get this design 
advantage for your product. Set 
up to 1,000 an hour with unskilled 
help. 50% savings in installed 
fastener costs suggest your im- 
mediate investigation. 
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are available to suit operating con- 
ditions. Valve can also be operated 
without spring as a double-acting 
piston for hydraulic actuation by 
any well-known displacement meth- 
od. It is available in any bar-stock 
material, has a bronze sleeve and 
bridge, stainless-steel plug, and 
neoprene O-rings. George W. Dahl 
Co. Inc., 86 Tupelo St., Bristol, 
R. I. 

Circle 759 on Page 19 


Nylon Pressure Hose 


for operating pressures 
to 1250 or 2000 psi 


Nylaflow pressure hose has a spe- 
cially formulated nylon inner tube 
reinforced with high-tensile-strength 
yarn. It is one-fifth the weight and 
has a wall thickness less than one- 
half that of rubber hose with equiv- 
alent burst strength. Hose, with 
abrasion-resistant cover, exhibits 
outstanding resistance to flexing, 
pressure-pulses, and vibrational fa- 
tigue. Unaffected by flammable and 
nonflammable hydraulic fluids, hose 
has low Freon permeability, approx- 
imately one-tenth that of rubber 
hose. It has excellent resistance to 
caustics and almost all organic solv- 
ents, is nontoxic, noncorrosive, fun- 
gus resistant, and will not embrittle 
in storage. Hose retains excellent 
flexibility and toughness in tem- 
peratures from -—65 to +200 F 
(constant), and intermittently to 





HUNTING 


for a Solution to 
STOP 
MOTOR BURNOUTS 

















RESULT... @ Eliminate Motor Burnouts @ Get Maximum Motor Output 
@ Reduce Costly Equipment Down Time 

No matter what the motor application . . . whether it be textile looms or turret 
lathes . . . ventilating fans or rolling mills . . . built-in KLIXON Protectors keep 
motors from burning out under all conditions that cause overheating. 

Built-in by the motor manufacturer, as an inherent part, KLIxON Protectors are 
matched to the thermal characteristics of the motor providing a tested and proven 
combination to assure full protection. KLIxon Protectors safeguard motors and 
prevent burnouts caused by the following conditions . . . prolonged overloads, un- 
balanced voltage, stalling, failure to start, increased ambient temperatures, lack of 
ventilation, plugging,or reversing duty, and single phasing. 

And remember, get the same complete protection in your single phase motors, too. 

KLIXON protected motors are‘available from your motor supplier. The additional 
cost is low, the savings great. Ask your motor supplier for KLIXON protected motors. 

Write for a free copy of Bulletin PR-1243. It gives the complete story. 


“<~ TEXAS INSTRUMENTS 


INCORPORATED 


SPENCER PRODUCTS METALS & CONTROLS DIVISION 
3202 FOREST STREET ° ATTLEBORO, MASS. 


SPENCER PRODUCTS: Klixon®@ Inherent Overheat Motor Protectors +» Motor Starting Relays + Thermostats + Precision Switches + Circuit Breakers 
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ARTHUR. A. NICHOLS 


Big space savings now possible 
with integral design 
“insert package” that replaces 
complete pump 


Fig. 1. Three Gerotor components permit pump to 
be incorporated as integral part of housing or 
frame of mechanism, eliminate need for purchase 
and mounting of separate, complete pump. 


The reliability-proved Gerotor pump 
has long been recognized as a space- 
saving unit because of its extreme 
flexibility of design. That’s because 
Gerotor pump capacity is a function 
of diameter, thickness, number of 
teeth and rpm of the two moving 
parts. These variables can be matched 
to just about any space restriction 
and capacity requirement. Now, you 
can Save even more space by building 
three simple pump components into 
your mechanisms with no more 
trouble than providing for an anti- 
friction bearing. (Fig. 1.) 


These built-in Gerotor pumps are rug- 
ged, positive-displacement, valveless 
units capable of handling a variety of 
liquids at rates up to 100 gpm at 
pressures to 1,000 psi. (Fig. 2.) They’re 
lightweight, high in mechanical and 
volumetric effi- 
ciency and are 
balanced and ; 
quiet in opera- 
tion. Total cost, 
including our 
components 
and your ma- 
chining and 
assembly is far 
less than what 
you would pay 
for comparable 
complete DISCHARGE CYCLE 
pumps pur- FIG. 2 

chased outside and mounted on your 
mechanism. 


INTAKE CYCLE 


Multiple pumping functions, such as 
lubricating, scavenging, boosting, etc., 
can be similarly built-in by mounting 
several “Gerotor insert-packages” and 
port plates on a single shaft. 
Investigate this concept of integral 
pump design. Our technical assistance 
is on call at all times to show you 
how to build these low-cost packages 
into your equipment. Write: 


W. H. NICHOLS Co. 


Woerd Ave., Waltham 54, Mass. 
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300 F. Two types are presently 
available, with recommended maxi- 
mum operating pressures of 1250 
and 2000 psi. IDs are 14, 3/16, 1/4, 
5/16, 34, and 1% in. Polymer Corp. 
of America, 2140 Fairmont Ave., 


Reading, Pa. 
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Plug-In Relay 


incorporates new 
plastic cover 


Operating visibility, combined with 
protection against tampering, dust, 
and iron filings, is provided by a 
transparent plastic cover for Class 
33 plug-in mounted relays. Cover 
is high-impact-strength styrene 
which also insulates relay from 
electrical interference with other 
components. Relay can be fur- 


nished for de operation with con- 
tact combinations to three pole, 
double throw. Enclosure is avail- 
able with 8 or 12-pin octal-style 
plug which mates with Amphenol 
socket 77MIP-8m, -12, or equiva- 
lent. Over all dimensions, includ- 
ing plug, are 2-11/16 in. long by 
134 in. square. Magnecraft Elec- 
tric Co., 3350 W. Grand Ave., 
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| Holding Valves 


control pressure in 
hydraulic circuits 


| Holding valves, designed to control 
| pressure in hydraulic circuits, lock 
| a cylinder or motor when no mo- 


tion is desired. They prevent load 
from running ahead of oil supply 
when load is being moved, and also 
relieve excessive pressures generated 


| in cylinder or motor by load. In 


case of power failure, valves per- 
mit load to be lowered manually. 
Valves require little or no power 
when load is being elevated and 








‘How Curtis helped 


a design engineer 
“BEAT THE HEAT” 


This single universal joint in a 
ribbon-stripping machine was op- 
erated at a 34° angle. The joint 
heated up, wear was excessive. 
(Curtis Joints have been tested at 
angles up to 37°, but we do not 
ordinarily recommend angles great- 
er than 30°.) 


Curtis engineers recommended a 
double Curtis joint, which reduced 
the angle to 17° per joint. Result: 
no overheating, improved efficien- 
cy, longer life. 

You can depend on Curtis en- 
gineering in any problem of angu- 
lar power transmission. And you 
can depend on 


CURTIS UNIVERSAL JOINTS 


because our catalog torque and 
load ratings are substantiated by 
constant tests under production 
conditions, 


14 SIZES ALWAYS IN STOCK — 
%” to 4” O.D. (6” joints on special order) 


Not sold through distributors. Write direct 
for free engineering data and price list. 


TRADE 
MARK 


UNIVERSAL JOINT CO., INC. 
52 Birnie Avenue, Springfield, Mass. 
As near to you as your telephone 
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For Your Power Drive - Design = 


There’s a 


ation or Replacement Maintenance 


=a CYLINDER 


That Can Assure Accurate Efficient Operation 





Only T-J’s complete line can assure you 
a cylinder of either air or hydraulic 
application—with practically limitless 
design specifications for bore, stroke, 
pressure range and even delivery 


requirement. From the time-tested, 


WS 


THE ONLY 
COMPLETE 
ENGINEERING 
CATALOG standard tie-rod for the T-J 
hydraulic cylinders. Squair Head 
LINE, TOO! cylinder. 


TOMKINS JOHNSON 


youayurc 


il cyumpEm . 


H-47 for $Q-1058-4 


standard tie-rod air and hydraulic, to the 
exclusive T-J Spacemaker, and including 
the recently introduced Squair Head, 
T-J cylinders give you more features 
for efficient, long-lasting operation. 
Write today! 





wadel Phobos e 


c/ 
No. 54 for: 


Standard tie-rod 
air cylinders. 


SM-56-3 for 
the incomparable 
Spacemaker 
cylinder. 


for the High- 
Pressure Hydraulic 
Spacemaker cylinder. 


THE TOMKINS-JOHNSON CO, #4ckson, micx. 
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engineered lubrication, 

engineered mist coolant 

equipment by 
BiyUur 


compact, efficient systems are 
easily installed, readily 
adaptable, trouble-free 


Bijur Automatic Lubrication is custom- 
engineered to provide the right 
amount of oil on an accurate, pre- 
determined schedule .. . filtered, 
pressure-fed, metered at each outlet 
point to prevent over-lubrication. 
The Bijur pump is designed to be 
an integral part of your machine. It 
can be gear, belt or chain-driven—or 
independently operated by electrical 
or hydraulic means. 








Bijur SPRAYMIST Mist Coolant Equip- 
ment offers many exclusive advan- 
tages. Compact unit design includes 
all necessary controls: trap filter, 
regulator, gauge, solenoid valve and 
reservoir. No unsightly valves or 
extra plumbing. Operation is com- 
pletely automatic—starts and stops 
with machine. Pressurized reservoir 
prevents clogging, eliminates siphon- 
lift problems. Choice of 18 ounce, 1 
gallon or 5 gallon coolant capacity. 


Bijur Equipment is Standard Equipment in Many Industries 

Machine Tools * Business Machines * Printing Machinery 
* Textile Machinery * Food Product Machines * Bottling 
Machines * Packaging Machines * Sheet Metal Machines 
* Plastic Fabricating Machinery * Glass Products Machin- 
ery * Wood-Working Machinery * Industrial Sewing Ma- 
chines * Special Process Equipment 


Write today for literature. 


<B> Biyu 


Ponce. in Hrilemialic lub ication 


LUBRICATING CORPORATION 


Rochelle Park, New Jersey 


@ 2937 
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minimum of power when load is 
lowered. Units lock cylinder or mo- 
tor, and open with pilot-pressure 
assist of about 20 per cent of dif- 
ference between load-induced pres- 
sure and valve setting. Single mod- 
els with external pilot and port are 
available for use with single-acting 


cylinders or for mounting at both 
ends of double-acting cylinders. 
Valves are available with Dryseal 
34, or l-in. pipe NPTF ports. Dou- 
ble models with internal pilots are 
also available from stock. Both 
units are for service to 3000 psi at 
flow of 20 gpm or higher. Pressure 
drop is about 28 psi at 20 gpm. 
Sarasota Precision Products Inc., 
5757 McIntosh Rd., Route 1, Sara- 


sota, Fla. 
Circle 762 on Page 19 


Adjustable-interval Timer 


is pushbutton-actuated, 
totally enclosed unit 


Series AT-36 pushbutton-actuated, 
adjustable-interval timer is a totally 
enclosed, motor-driven device de- 
signed for use in the control of 
fans, vending machines, mixers, and 
photocopying equipment. Housing 
is of molded phenolic, offering a 
rigid construction that assures reli- 
able performance under adverse 
ambient conditions. All terminal 
and blade configurations are of 
heavy-gage spring brass without 
welded or staked joints. Timer is 





Special Machinery Builders: why spena 


engineering time and money detailing clutches, bearings, drive sheaves, 


and control equipment when you can buy them in a package? Especially 
when that package gives you faster cycling, more automatic control, 
easier pushbutton jogging, and greater versatility! Yes, all the benefits of 
Warner electric motion control—now practical in every way for one-of- 
a-kind applications. It’s a pre-engineered, completely assembled clutch- 
pulley combination—Warner’s new Electro-Sheave. Just slip it over any 
standard NEMA motor shaft, tighten the setscrew, mount the brush- 
holder, and belt the sheave to the machine. Any switch 

actuates the clutch. The simple wiring from 

the brushholder to the control panel 

speeds assembly, eliminates machined 





parts, reduces maintenance. 
Five sizes (1 to 25 hp) available 
for quick delivery from any 
Warner distributor. Write 

for complete information 

and easy selection tables 

in Bulletin P-52. 


MVAaim| Warner Electric Brake & Clutch Co. 


Se” Beloit, Wisconsin 


a Pt 
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WEATHERHEAD 


fittings and 
hose assemblies 


**MADE BETTER TO SERVE BETTER’* 


brass FITTINGS 


y%,” to 1” sizes for pres- 
sures up to 5000 p.s.i. 
Approved by U.L., A.G.A., 
A.S.M.E., A.S.A. and 
S.A.E. 


S.A.E. 45° Flare 
Compression 
Selfalign @ 
Threaded Sleeve 
Inverted Flare 
Pipe 


forged steel FiTTINGs 


For flare and flareless 
pressure connections. 


hove 


igh i 


Sizes 4%” to 2” 
in carbon or 
stainless steel 
for pressures to 
10,000 p.s.i. 


Ermeto 

Flare- Twin 

S.A.E. 37° Flare 
Pipe 


bulk hose 


Twenty different 
styles available. 
From 4” to 2” 0.D. 
for working pressures 
up to 10,000 p.s.i. 


hose assemblies 


Compietely fabricated = 

with permanently Z Fz 

attached swaged ends. Uy 

Any size, any quantity ( 

for working pressures 

up to 10,000 p.s.i, ER 

0 

reusable hose ends 


F 


tube working tools 


Designed for fast, 
accurate fabrication 
of all types of tubing 
layouts. 


Tube Cutters 

Tube Bending Springs 
Mechanical Benders 
Flaring Tools 
Swaging Tools 


Designed for fast assem- 
bly and positive, leak- 
proof performance under 
high pressures. 


Write for new general 
catalog—contains complete 
data and specifications 
for all items. 


Screw machine parts made to your specifica- 
tions ...any machinable material. Write for 
information. 
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AWARD WINNING IDEAS... 


Service Minded Equipment Company 
Uses Ermeto Fittings on Self-Supporting 
Hydraulic System for “‘Jeep-A-Trench” 


Idea sumbitted by: 

Mr. WARREN E. GEORGE 
Auburn Machine Works, Inc. 
Auburn, Nebraska 


In developing the “Jeep-A-Trench”, Au- 
burn’s engineers considered two impor- 
tant factors: digging in all types of soils 
subjects any trencher to varying shock 
loads; and, their equipment must operate 
in any terrain under all types of condi- 
tions. For these reasons, they perfected 
a hydraulic lift for the digging arm of the 
“Jeep-A-Trench” that would be as nearly 
service-free as possible. 


“We used steel tubing on our hydraulic 
system because it withstands greater 
stresses, does not require the maintenance 
of rubber covered flexible tubing and it 


BRASS & STEEL FITTINGS / HOSE & ASSEMBLIES / TOOLS & ACCESSORIES 


—- ee GE é -z 


WEATHERHEAD 
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is self-supporting. It is simpler to service,” 
explained Mr. George. 


“ERMETO hydraulic fittings were selected 

because Weatherhead had technical serv- 
ice facilities available all over the U. S. 
to help service the equipment in case of 
difficulties.” 


Auburn is but one of the many service- 
minded companies relying on Weather- 
head fittings for service and reliability. If 
you desire information or assistance in 
simplifying your tubing and fittings ap- 
plications, write today. 


ERMETO flareless hydraulic fittings are un- 
matched for dependability and high pressure 
control. Available in stainless or carbon steel 
with “Weathercote” finish. Standard sizes: 
¥g to 2”, for pressures up to 10,000 p.s.i. 


THE WEATHERHEAD CO., FORT WAYNE DIVISION 

Dept. MD-2, 128 W. Washington Bivd., Fort Wayne, Ind. 
in Canada: 

The Weatherhead Co., Ltd., St. Thomas, Ont. 
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equipped with quick-disconnect ter- 
minals for rapid, easy hook-up and 
ready replacement or repair. Switch 
on the unit is rated at 28 amp or 
1 hp at 250 v ac. Timer is avail- 
able for 120 or 240-v operation at 
50 or 60 cps with intervals of 30 
sec and 1, 5, 10, 30, 60, or 120 
min. Haydon Div., General Time 
Corp., 245 E. Elm St., Torrington, 
Conn. 
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Turns-Counting Dials 


in two new models have 
15-turn capacity 


Duodial turns-counting dials, Series 
RB, now include model RBC, 
which incorporates two set screws, 
and ebony-finished RBD, designed 
for applications where black matte 
finish and white-filled numerals are 
preferred. Both models are iden- 
tical mechanically. Working parts 
consist of two coaxial dials, inner 
calibrated in hundredths of a turn, 
outer in full turns. Number of 
completed turns is clearly visible in 
a window directly opposite index. 
Black-nylon knob, integral with 
inner dial, is directly connected to 
shaft of device with which it is 
used, so readings are free of back- 
lash. Capacity of both dials is 15 
full turns, with no mechanical 
stops on either model. Helipot 
Div., Beckman Instruments Inc., 
2500 Fullerton Rd., Fullerton, Calif. 
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Vane Axial Blower 


delivers 200 cfm 
at 10,500 rpm 


Model E2543-200 blower has appli- 
cation wherever maximum air and 
medium static pressure are para- 
mount. It far exceeds environ- 
mental tests set forth in MIL-E- 
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hove Thermostatic Bimetal 


ACTUATES ANOTHER PRECISION PRODUCT 


A PRODUCT OF AMERICAN-STANDARD 
DETROIT CONTROLS DIVISION, DETROIT, MICHIGAN 


This new thermostat, No. CA 520, a product of American-Standard, 
Detroit Controls Division, offers the ultimate in style, comfort and 
dependability. It was designed and manufactured especially for use 
with American-Standard Furnaces, the ‘‘one responsibility’ concept. 
Its features include: hermetically sealed mercury switch; soldered 
circuit joints and flexible wire; clear plastic base plate for fast 
installation; five-degree dial calibration and wider selection of tem- 
peratures (50° to 90°); and attractive decorator des‘gn with concave 
rim and cover, in bronze and silver, (or paint it yourself). Both the 
actuating element and the temperature indicating element are Chace 
Thermostatic Bimetal. 


Perhaps sensitivity (or lack of it) is the one feature of a room thermo- 
stat most likely to impress the homeowner. One wants to be uncon- 
scious of a heating system, not reminded by frequent periods of 
chill or overheating. The extreme sensitivity and unfailing reliability 
of Chace Bimetal are the result of Chace’s third-of-a-century devoted 
to the development of efficient alloys and bimetal combinations, plus 
manufacturing methods and equipment devoted exclusively to the 
production of precision thermostatic bimetal. Discriminating bimetal 
buyers can always be certain that their names on the “outside” are 
safe with Chace “inside.” 

Chace Thermostatic Bimetal is available in strips, coils and completely 
fabricated elements of customers’ designs — and in more than 30 
types. If you have a product in the “thinking stage,” send for our 
booklet, ‘Successful Applications of Chace Thermostatic Bimetal,”’ 
for its many pages of illustrated temperature-actuated devices plus 
much valuable engineering data. 


W. M. CHACE CO. 
Thermostalic Bimelal 


1616 BEARD AVE., DETROIT 9, MICH, 
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PRIZE WINNER 


GIFS 
DESIGN CONTEST 


\ Roots-Connersville 


Achieves 29% Cost Reduction 
with Integral Rotor and Shaft 


The exceptional design freedom in the gray iron casting process 
frequently enables the designer to reduce costs by converting 
multiple piece assemblies into one part. Roots-Connersville recently 
achieved noteworthy savings by redesigning forged steel shafts on- 
to which were pressed ductile iron rotors into a one piece cast part. 


Since the rotor hub formerly had to be large enough to key it to 
the shaft, the redesign results in 41% greater displacement by 
permitting smaller hub diameters and correspondingly larger out- 
side diameters in the same housing. Machining was reduced from 
27 operations to 15. 


Start now to re-evaluate your products in the light of integral gray 
iron castings. Use the experience and know-how of progressive 
foundrymen, members of Gray Iron Founders’ 

Society, to help achieve outstanding savings. 


FREE DIRECTORY OF PROGRESSIVE FOUNDRYMEN 


Lists modern facilities, techniques and types of iron pro- 
duced by leading gray iron foundries in your area. For 
acopy write: Dept. G, Gray Iron Founders’ Society, Inc., 
National City-East Sixth Building, Cleveland 14, Ohio. 


Specify Modern 





Made by Informed Foundrymen! 
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5422D. Utilizing a 2 5/16-in. diam 
motor, blower delivers 200 cfm at 
10,500 rpm. It operates on a 200- 
v, 3-phase, 400-cycle source. Blower 
withstands ambient temperature of 
85 C and has life in excess of 5000 
hr. Weighing only 31% lb, it has 
housing dimensions of 4 in. diam x 
414, in. long. Air-Marine Motors 
Inc., 369 Bayview Ave., L. I., N. Y. 
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Air Nozzles 


for temperatures from 
—30 to +350 F 


Glass-fiber air nozzles have interior 
surface smoother than aluminum. 
They are polished and accurately 
calibrated for improved nozzle ef- 
ficiency. Coefficient of expansion 
is less than metal. Operating tem- 
perature range is —30 to +350 F. 
Sizes range from 9 to 24-in. square 
mounting base, with throat diam- 
eters from 1!/, to 10 in. Boyle En- 
gineering Laboratory, Div., Rotherm 
Engineering Co. Inc., 7280 W. 
Devon Ave., Chicago 31, IIl. 
Circle 766 on Page 19 


Worm Motor Reducers 


have full-depth mating 
between worm and gear teeth 


Double-enveloping worm motor re- 
ducers utilize worm end gear mat- 
ing principle which gives full-depth 
contact of worm and gear teeth, as 
well as increasing number of teeth 
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TEAR OUT AND PUNCH AS INDICATED FOR YOUR FILE 


O 


TEAR OUT AND PUNCH AS INDICATED FOR YOUR FILE 


O 


BEARING 


One in a series of technical reports by Bower 


BRIEFINGS 





ROLLER GUIDANCE- 
VITAL FACTOR IN BEARING LIFE 


Roller guidance has been estab- 
lished by the Anti-Friction Bearing 
Manufacturers Association as a 
major rating factor for roller bear- 
ings. There is a direct relationship 
between this factor and the life and 
capacity of a cylindrical roller bear- 
ing under load. 


Figure 1 illustrates the results of a loose 
fit between a roller and the guiding ribs 
of the raceway. Because of lack of 
guidance by the ribs, the roller is free 
to skew and skid under load. Such a 
condition invariably leads to early 
bearing failure. 


To achieve close roller fit and proper 
roller guidance, Bower precision grinds 
each bearing race on specially designed 
centerless grinders. In this operation, 
Bower positions the integral raceway 
ribs from the theoretical centerline of 
the bearing. This method produces 
bearings with high dimensional accu- 
racy and perfect symmetry. 





RACEWAY 


(| 


INTEGRAL 
RIBS 
FIG. 1 











Fig. 1. Loose fit in raceway means poor roller 
guidance, Roller can skew and skid under load. 
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In addition, the close tolerances held in 
grinding the roller track and integral 
guiding ribs give Bower cylindrical 
roller bearings the ability to take thrust 
in any direction. A Bower cylindrical 
roller bearing has thrust capacity of 


CATION REGARDLESS OF HOW 
THE OUTER RACE AND ROLLER 
ASSEMBLY ARE INSTALLED. IT 
COMPLETELY ELIMINATES THE 
POSSIBILITY OF IMPROPER 
INSTALLATION. 
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from 10-15% of its rated radial 
capacity! 

Figures 2 and 3 diagram the centerless 
grinding method used to finish Bower 
raceways. Use of this technique assures 
not only optimum roller guidance and 
maximum bearing life, but also virtu- 
ally eliminates bearing runout. BEAR- 
ING SYMMETRY WHICH RE- 
SULTS FROM THIS TECHNIQUE 
PERMITS ACCURATE SHAFT LO- 


Whatever your bearing needs, we sug- 
gest you consider the advantages of 
Bower bearings. Where product design 
calls for tapered or cylindrical roller 
bearings or journal roller assemblies, 
Bower can provide them in a full range 
of types and sizes. Bower engineers are 
always available, should you desire 
assistance or advice on bearing appili- 
cations. 





BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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in mesh. Full-depth mating be- 
tween worm and gear teeth increas- 
es load-carrying contact area almost 
109 per cent. Greater contact area 
reduces unit pressure, so that light- 
er rated units carry loads ordinarily 
requiring larger, heavier housings. 
Motor reducers are available in 
horsepower ratings from 1 through 
15 hp. Speed-reduction ratings, 
from rated motor speeds, are 525 
through 7.3 rpm. Selection of drive 
motors and brakes can be combined 
into various power packages. Reu- 
land Electric Co., 3001 W. Mis- 
sion Rd., Alhambra, Calif. 

Circle 767 on Page 19 


Small Submergible Pumps 


are all-brass design 
for low cost 


Small brass pumps are designed to 
operate while fully or partially sub- 
merged in lubricant fluids, photo- 
graphic solutions, machine-tool cool- 
ants, citrus juices, and a variety of 
other liquids. The fhp electric pump 
housings and covers are fabricated 
from Western Yellow Brass alloy 
No. 30. Three models are available 
with capacities from 200 to 514 gph. 
Pumps are completely sealed in oil 
and come equipped with molded 
neoprene cord sets, leakproof ter- 
minal blocks, high torque, low- 
| temperature motors, a spring-loaded 
neoprene oil seal, and a stainless- 
steel shaft. Thomas Beckett & Co. 


Inc., Dallas, Tex. 
Circle 768 on Page 19 


Positive-Off Thermostat 


for temperatures from 
0 to 650 F 


Type AP positive-off thermostat 
permits cut-out of thermostatic con- 
trol through manual operation of 
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from dishwasher tops...to barge skegs... 


GAMBLE solves problems with WOOD! 


PROBLEM: Wood cutting-board tops of automatic 
dishwashers were splintering—and even distorting 
the machines themselves—from tangential swelling 
and shrinking of the tops. 


SOLUTION: Gamble wood engineers developed a 
strip-constructed board, with edge grain exposed, 
which is now in volume use. 


PROBLEM: The solid wood skegs (outer keel) of 
assault barges were cracking and splitting on beach 
landings. 


SOLUTION: The first laminated skeg was researched 
and developed—then built in quantity—by Gamble 
Brothers. 


Design problems like these are “all in a day’s 
work” to the wood engineers at Gamble Brothers 
—a unique organization designing and building 
a wider variety of wood products than any other 


U.S, woodworking company. Today they’re work- 
ing in three —_ al areas: (1) improvement of 
present wood products (2) development of new 
wood products (3) product development in com- 
binations of wood and other materials, 


Why not present your design or component 
problem to Gamble Brothers? WOOD may be 
the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de- 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and perfected by Gamble 
Brothers. Write for your 
copy today! Gamble Brothers, 
Inc., 4619 Allmond Ave., 
Louisville, Ky. 


If the problem involves wood, Gamble can help! 


GAMBLE BROTHERS, INC. 


4619 Alimond Avenue, Lovisville, Kentucky 
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ROD AND TUBING TORQUE CONTROL BUSHINGS O-RINGS 





I¢ 


SHAFT SEALS BUSHINGS BEARING SURFACES 





VALVE SEALS CUP PACKINGS THRUST WASHERS 











AND FABRICATED PARTS IN 


BASIC SHAPES 


“RULON 


REINFORCED iL 


RESIN® 


*Dupont Tefion 








SHEETS CUSTOM EXTRUSIONS GASKETS 





BEARING RETAINERS PISTON RINGS 











Design engineers note! RULON adds extra values 
to your products . . . low friction performance even 
without lubrication . . . wide temperature adaptability 
(— 350° to+500°F)... high resistance to wear and defor- 
mation ... and practically universal chemical inertness. 
Unlike nylon and many other materials, RULON won’t 


swell in presence of moisture. 
RULON is the sure relief to many a 


design headache. For RULON engineering 
Brochure #9572, write 7 


DIXON CORPORATION 
BRISTOL, RHODE ISLAND 


& 
Suppliers of basic shapes and fab- 
ricated parts in Rulon and Teflon 
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| adjusting stem. It provides positive 
| make-break control of electrical cir- 
| cuits in response to temperature 
| changes, and is designed for use 
| with appliances, heating and venti- 
| lating equipment, vending machines, 


and manufacturing machinery. Re- 
stricting device can be used either 
to cut out thermostatic control al- 
together or to limit lower range 
of operation of thermostat. Unit 
operates over temperature range of 
0 to 650 F and is rated at 15 amp 
on 115 v ac, 10 amp on 230 v ac. 
Norwalk Thermostat Co., 52A 


| Woodlawn Ave. N., Norwalk, Ohio. 
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| Liquid-Level Controls 


are corrosion resistant 


Low-cost liquid-level controls in 
which all parts of control in contact 
with liquids or vapors are non- 
metallic are designated NM-1 and 
NM-2 Magnetrols. They control 
liquids that present problems in 
handling, such as those with specific 
gravity of 0.7 or higher. Controls 
are immune to galvanic or elec- 
trolytic attack, are corrosion re- 
sistant, and resist oxidizing agents. 
Smooth surface discourages tendency 
to scale or act as host for deposits. 
Controls will not contaminate or 
impart odors or tastes to liquid. 
Since construction is of nonflam- 


| mable and nonsparking materials, 
| controls handle inflammable and 
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explosive liquids and can be used 
in volatile fume areas. Polyvinyl 
chloride is the nonmetallic material 
used. Chambers and float construc- 
tion are for service at 100 psi at 
70 F, or 50 psi at 140 F. Model 
NM-1 Magnetrol, shown, is an ex- 
ternal-float-cage unit with sealed 
body and float totally enclosed. 
Model NM-2 is a_ flanged-style 
chamber unit, with head flange 
secured to chamber by means of a 
victaulic closure with gasket. Mag- 
netrol Inc., 2110 S. Marshall Blvd., 
Chicago, Ill. 

Circle 770 on Page 19 


Solenoid Valve 


is two-way 
high-pressure unit 


SV-1 solenoid valve controls pres- 
sures from 1000 to 9000 psi. It is 
a two-way poppet type, normally 
open to allow circulation of hy- 
draulic fluid throu;,) valve and 


back to reservoir. Poppet-type con- 
struction reduces frictional heat to a 
minimum. Valve measures 31/4 x 7 
x 81% in. and weighs 8 lb. It is 
available with either hand or foot 
switch, and operates on 110-v, 60- 
cycle current. Manco Mfg. Co., 
Bradley, IIl. 

Circle 771 on Page 19 


Digital Modules 


for assembling systems 
without designing circuits 


Compatible transistorized digital 
modules are designed for operation 
within a temperature range of —45 
to +65C. Wide variety of types 
includes flip flops, shift registers, 
multivibrators, one-shots, and dc 
logic. They are used to assemble 
digital systems without designing 
circuits. Features include neon in- 
dicators on flip flops and shift regis- 
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OKHEIM suicpos rPerFORMANCE 


IN... AND MAINTENANCE OUT... 


IN NEW 
“MIRACLE METER” 


TOKHEIM Corp. of Fort Wayne, Ind., 
leading manufacturer of gasoline 
pumps, needed a tough material for 
the cup packing of their new meter’s 
plunger-assembly. Only Dixon’s Rulon 
(reinforced Teflon) had the right 
combination of chemical and physical 
characteristics to withstand attack 
from all types of gasoline additives, 
and also stand up under the mechan- 
ical stress and wear of millions of 
plunger cycles. As a result of rulon’s 
performance, it is used in 9 other 
places as shaft seals, thrust washers 
and sleeve bearings. 


@ RULON resists deformation — 
hugs cylinder walls, prevents leakage, 
maintains meter accuracy. 


@ RULON reduces drag —low coeffi- 


JP PACKING... 
ER RULON PARTS 


cient of friction insures smooth oper- 
ation —even in non-lubricating media 
(gasoline). 


@ RULON wears longer — tougher 
than Teflon, Rulon cuts costly main- 
tenance . . . requires no lubrication. 


@ RULON is completely inert — 
doesn’t change properties or swell in 
presence of liquids. 


Look at your designs with RULON 
in mind. If it’s a bushing, bearing, 
cam, wear strip, or insulator, chances 
are the combination of the correct 
RULON formulation plus DIXON’s 
manufacturing capabilities can pro- 
duce the exact component you need. 
*One of Dixon’s many modifications 
of DuPont TFE Teflon. 


For engineering data sheet 129-8, write... 


—Dixon 


DIXON CORPORATION 
Bristol, Rhode Island 


Resistance to wear: 500 times Tefion 
Low coefficient of friction: 0.10-0,24 
Wide temperature range: —300° to 
+500°F 


Excellent electrical properties: 
Resistivity 1015, dielectric constant 
2.6, dissipation factor .002 


Chemically inert — Zero water ab- 
sorption — Weather resistant 
Low coefficient of expansion: 
3.3 x 10% (% that of Teflon) 


Low deformation under load: % 
that of Teflon 
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OVER 10 TIMES 
THE RATE 


AT 50% SAVING 


IN RAW MATERIAL 
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Another example of how 
Hubbell Cold Heading 
produces Better Parts at 
Faster Speeds, at Lower Cost 


ay 





7 
HARVEY HUBBELL, Inc. Machine Screw Dept. 
Bridgeport 2, Connecticut 


Kindly estimate on the enclosed 


sample (blueprint) Quvontity ............ 
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ters, and allowance for use of a re- 
mote indicator. Modules have over- 
all size of 3 1/16 x 33% in., with ap- 
proximate weight of 1.5 oz. Among 
the applications are digital systems, 
automation, timing and control, 
data processing, test equipment, in- 
strumentation, and digital servos. 
Control Equipment Corp. 19 
Kearney Rd., Needham Heights 94, 


Mass. 
Circle 772 on Page 19 


Angle Valve 


is rated for 4000 psi 
at 100F 


Angle valve doubles for both liquid- 
level gaging and instrument piping 
and general use. No. 74 valve 
combines features which prevent 
freezing and eliminate problems of 
wear from galling in one valve unit 
built with a minimum of parts. 
Valve combines advantages of a 
single-piece, forged-valve body and 
bonnet flange, to which is mounted 
a simplified outside screw and yoke- 
bolted bonnet and a newly designed 
reciprocating - backseating stem. 
Construction places threaded _por- 
tion of stem outside valve body 
where it is not affected by tempera- 
ture or nature of liquid being han- 
dled. Design allows stem to work 
freely at all times and prevents pos- 
sible freezing. Valve has an ASA 
rating of 1440 lb at 100F and a 
| commercial rating of 4000 lb. It 
weighs 8 lb, and is available in 
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Now 
in 
greater 
lengths 


Semunsnuseeuaweseaues 
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VULCAN 


“THUNDERBOLT” 
Cartridge Heater 


The Vulcan “Thunderbolt” Car- 
tridge Heater is now available in 
lengths from 114” up to 24 inches 
(or even longer) in 34”, 14” or 5%” 
diameters. 

_ The “Thunderbolt” delivers five 
times more heat than conventional 
cartridges. Special construction 
locates insulated resistance wire 
close to the high temperature alloy 
sheath. Heat is dissipated rapidly 
through the sheath without detri- 
ment to unit life. Ratings are as 
high as 40 to 200 watts per square 
inch. 

The “Thunderbolt” is ideal for 
many types of hand and automatic 
machines that require spot heating. 
Applications include branding 
irons, labeling machines, box mak- 
ing machinery, and many others. 


Write for new data sheet. 


VULCAN 


Vulcan Electric Company, 4 








Danvers, Mass. 
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SIMPLIFY ASSEMBLY... 
Retain parts on shafts with slip fit and Loctite 


Designing with liquid LocriTE eliminates press fits, shrink fits, broaching, knurling, keyways, 
set screws and pinning ... provides easier tolerances...cuts rejects and rework. 





HOUSING L376 max. +0.0000 


WAS T375 min. 00 ~1.375 —So003 
0.6253 max. 


Pe 06247 min. 


| g 2.8250 6250 max. 


S Sezas min. Zl 


























ae max. +0.0000 
IS 5 min. 1D 0.625 00002 


Bearings SHAF BEARING 


Loct1TE Sealant replaced press fit, opening up tolerances .002 inch on shaft and housing. Rejects 
were cut from 8% to 1% and rework from 20% to 0! Bond to inner race withstands 1000 lbs. thrust 
... equal to the best press fit. Slip fit with LocriTE gives more uniform retention . . . eliminates 
fretting damage due to loose “press fit”? or bearing distortion resulting from tight press fit... 
assures better shaft alignment. Easier tolerances speed assembly. 


Hardened Sleeves Gears and Pulleys Rotors Fans 


Eliminates shrink fit | Eliminates broaching, Eliminates shaft dis- Eliminates set screws 

.. mounts hardened knurling, shaft tortion and resulting ...no amount of vi- 
sleeve without pulling distortion. Easier regrinding & straight- bration will loosen 
temper. gear replacement. i . 





yyy 











LOCTITE Sealant is easy to apply... simple to automate 


LOcTITE is a one-component liquid with the unique property of converting to a tough plastic 
when confined between close fitting metal parts. It does not air dry. It does not require 
mixing with a catalyst and will not spoil on standing in a storage vessel. It comes fully pre- 
pared ...stores for years...hardens only when treated parts are assembled. It forms a 
tough seal that resists heat, oil, water, all common solvents. Parts treated with LoctTiTE can 
be disassembled by ordinary methods. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite Sealant specially 
put up to assist designers in determining proper 
grade and use of Loctite in product development 
and for general experimental work. By selection 
of proper grade, the designer can apply a pre- 
determined amount of locking torque. 

Write for literature and free sample capsule. 


@ 
LOG: 71 | 71 —E SEAL AMT  smcwcan stants 60. 111 Woodbine St,, Hartford 6, Conn. 
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various connections and materials. 
Jerguson Gage & Valve Co., 80 
Adams St., Burlington, Mass. 

Circle 773 on Page 19 


Gearbelt Drives 


in five pitches from 
1/5 to 1% in. 


Gearbelt drives combine flexibility 
of belt drives with advantages of 


Famous Jones & Lamson Turret Lathe (sad- 
dle type). Brown & Sharpe pump in housing 
under bar feed mechanism (left) helps move 
stock fast, with minimum operator effort. 


How Jones & Lamson 
designers held costs down 
with Brown & Sharpe pumps 


Standard B&S #1-S Pump, with special flange mounting, is built into each 
J&L unit. It has quiet helical gears, and needle type antifriction bearings. 


Problem: Designers of this lathe 
needed a dependable pump in the 
hydraulic unit of the bar feed mech- 
anism. This unit gives “fingertip” con- 
trol in advancing and chucking stock 
to be machined. The pump must pro- 
vide oil pressures to 500 psi, at a 
capacity of 334 gpm; and be flange- 
mounted and direct coupled to an 
1800-rpm motor. Preferably, it 
should be a “stock” pump, for mini- 
mum cost. 


Solution: A model 1-S pump with 
antifriction bearings, from Brown & 


Sharpe’s extra-complete line, meets 
requirements exactly, with only a 
minor change made for the customer’s 
flange mounting. Since it is essentially 
a “stock” item, this pump is very rea- 
sonable in cost. 


Idea: For the best solution to any 
pump problem — write Hydraulics 
Division, Brown & Sharpe Mfg. Co., 
Providence 1, R. I. Or contact your 
nearest B&S engineer representative. 
Brown & Sharpe makes gear, vane 
and centrifugal pumps to handle more 
fluids than any other manufacturer. 


Brown & Sharpe 
PRECISION CENTER 
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chain and gear drives. They elimi- 
nate disadvantages of slippage, 
metal-to-metal contact, stretch, and 
lubrication. Power is transmitted by 
positive engagement of belt teeth 
with pulley grooves as in chain 
drives. Five pitches from 1/5 to 
114 in. handle a wide range of 
loads, speeds, and applications at 
high efficiency. Browning Mfg. 
Co., Maysville, Ky. 
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Flexible Shafts 


for heavy-duty use 


Two extra-heavy-duty, power-drive 
flexible shafts transmit high torque 
over any curved path. S100 flexi- 
ble shaft, with l-in. diam core, 
transmits up to 760 lb-in. of torque 
at 600 rpm; S125 shaft, which has 
114,-in. diam core, transmits up to 
1650 lb-in. of torque at 500 rpm. 
Heavy-duty core is made up of 


_ layers of tightly wound, high-grade 


music wire. Flexible casing is lined 


| with oil-tempered spring steel, rein- 


| 


forced with wire braid, and covered 
with an_ oil-resistant, neoprene- 
impregnated fabric and an abrasion- 


| resistant rubber jacket. Shafts have a 


| 


square slip coupling at one end with 
enough play to take care of slight 
changes in length due to varying 
torque loads. Couplings of various 
bores are available for connecting 
up at each end. Stow Mfg. Co., 
11 Shear St., Binghamton, N. Y. 
Circle 775 on Page 19 
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NEW vane-operated limit switch 
helps industry solve major 
electrical problem: limit switch life 


GENERAL ELECTRIC’S ENCAPSULATED DESIGN SEALS OUT 


CONTAMINANTS; HAS NO 


General Electric’s new vane-operated 
limit switch design surmounts most of 
the operating problems that cause failure 
in today’s conventional limit switches. 
The unique new limit switch performs 
the position-detection function of con- 
ventional switches and eliminates phys- 
ical contact with the moving object. It 
has no shafts or arms to fail, no sliding 
or rotating parts to wear, no shaft seals 
to leak. 

This means that the operating life 
of the vane-operated limit switch is not 
affected by such tough application re- 
quirements as frequent operation; ham- 
mering of lever arms and mechanisms; 
lever arm “snapback”; mechanical wear; 
and splashing and spraying of coolants, 
lubricants, and other contaminants. 


REASONS FOR LONGER LIFE 


Contributing to the extremely long life 
of the new device is the encapsulation 
of all internal components in a cast 
aluminum enclosure. This means liquids, 
dirt, cr metal chips cannot enter the 
switch mechanism and cause operational 
failure. 

In addition, the only moving parts in 
the new design are magnetic reed con- 
tacts hermetically sealed in an inert 
gas. Thus, switch life is determined 
almost solely by contact load. When 
used with small a-c relays, such as the 
G-E CR2790 general purpose type, the 
expected operating life of the switch is 


ARMS, LEVERS, OR SHAFTS 


from 30 to 50 million operations. It is 
capable of over 250 million operations 
when operating General Electric static 
control circuits. 

The inherently longer life of the new 
vane-operated limit switch results in 
savings from greatly reduced main- 
tenance and replacement expense and 
less downtime. And the new switch 
costs about one-third less than proximity 
switches, making it only slightly higher 
in price than a conventional limit switch. 


HOW IT WORKS 


The vane-operated limit switch is en- 
ergized by passage of a separate steel 
vane through a recessed slot in the 
switch (see illustrations at right). The 
vane is attached to the mechanism to 
be controlled. As the vane passes 
through the slot, it changes the balance 
of the magnetic field, causing the con- 
tacts to operate. The contacts are her- 
metically sealed in an inert gas to pro- 
long life. 

The new switch is easy to install. It 
can be front- or top-operated and can 
be used to control linear or rotary 
travel. In addition, the base plate can 
be rotated 90° to provide mounting 
flexibility. Both normally open and 
normally closed forms are available 
with or without an indicating light. The 
new limit switch is 25 percent smaller 
than previous models, and it requires 
no separate power supply or amplifier. 


GENERAL @@ ELECTRIC 
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On normally open form, bias and main magnet 
flux are balanced at the switch, causing it to 
remain open. As vane enters the slot, flux of 
the main gnet is shunted to the lower re- 
luctance path offered by the magnetic material 
in the vane. 





As vane passes the center of the switch, enough 
flux shunts from the main magnet to cause the 
flux of the bias magnet to close the switch. 
Withdrawing vane from the slot reverses the 
conditions and causes the switch to reopen. 


The switch can detect very high 
speeds of vane travel without detri- 
mental effects such as arm or mechanism 
wear or breakage. The switch also offers 
excellent accuracy and response time. 
Providing the path of the vane through 
the slot is constant, trip point repeat- 
ability is constant within plus or minus 
0.0025 inch. The switch response time 
is approximately one millisecond. 


MEASURABLE ADVANTAGES 
Vane-operated limit switches hold sig- 
nificant and measurable operating 
advantages over conventional limit 
switches. These advantages can be 
measured by the maintenance and re- 
placement savings they can produce, 
and deserve serious consideration on 
limit switch applications. 

For more information contact your 
G-E sales office or request bulletin 
GEA-6995 from General Electric Com- 
pany, Schenectady, N. Y. 811-8 





You get 
MEASURABLE ADVANTAGES 
with General Electric control. 

















NOW AVAILABLE 

TWO HELPFUL BOOKLETS 
ON ELECTRIC MOTORS 
AND POWER SUPPLIES 


1. Electronic and Electric Power Supplies 


A symposium of six articles on the selection, specification 
and application of— 

@ Electronic Power Supplies 

@ AC and DC Electric Generators 

© Lightweight Electric Generators 

® Generator-Battery Systems 

@ Vibrator and Dynamotor Power Supplies 

® Dry Cells and Storage Batteries 


$1.00 a copy 


2. Special Report on Electric Motors 


Including a 10-page Directory of 140 motor and gearmotor 
manufacturers, classified according to the types of motors 
produced. 

A comprehensive review of the design advances in electric 
motors, with special articles written by authorities in the 


areas of fractional and integral horsepower motors. 


$1.00 a copy 


MACHINE DESIGN 


|} READER SERVICE 


Remittance or Company Purchase 
Order must be enclosed with order 


Name 





Penton Building 


Cleveland 13, Ohio Company 





Send me__copies of Power Supplies Address 


Send me____copies of Electric Motors 





City Zone State 





(Add 3% to orders in Ohio to cover State Sales Tax) 











ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Strip-Chart Recorder 


has six chart speeds 
from 2 to 60 ipm 


Strip-chart recorder, Model 80A 
Autograf, provides instant selection, 
through transistor switching, of six 
chart speeds. Full-scale sensitivity 
is 0.05 per cent, and resolution and 
accuracy is 0.2 per cent. Six chart 
speeds of 2, 4, 6, 8, 15, and 60 ipm 
are selected instantly by front- 
panel pushbuttons. Input range of 


5 mv to 100 v is covered in ten 
steps, or by vernier for completely 
continuous span voltage control. In- 
strument has a full-range zero set 
and provides pen speeds to 0.25 sec 
full scale. It employs standard 120- 
ft chart rolls. F. L. Moseley Co., 
409 N. Fair Oaks Ave., Pasadena, 


Calif. 
Circle 776 on Page 19 


High-Speed Camera 


small-size unit weighs 40 lb 


Portable high-speed framing cam- 
era weighs only 40 lb and occupies 
about as much space as an oscillo- 
scope. Model 1 camera features box- 
camera simplicity of operation and 
maintenance. It uses special image- 
converter type tube shutters. The all- 
electronic shutter has a speed range 
of 0.1 to 10 microseconds; other 
ranges can be provided. A separate 
shutter tube and objective lens is 
used for each exposure, providing 
the equivalent of four completely 
independent cameras. Focus and 
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U.S. Rubber fenders of Enjay Butyl taking a 2000 horsepower push without damage to ship or 
dock! Installed on #7 Oil Dock, Nueces County Navigation District, Corpus Christi, Texas. 


ENJAY BUTYL 


Dock bumpers absorb 2000 H.P. “nudge”...no damage! 


Wham! A heavy freighter bangs into dock fenders of Enjay Butyl rubber. 
Flattens them 7 inches before stopping. No damage anywhere — to the vessel, 
the dock or the Butyl! Enjay Butyl absorbs shock and damps vibration better 
than any other rubber. It does a wonderful job in auto body mounts, tires, truck 
“load cushions” that replace springing . . . even safeguards missile parts in 
launching. 

‘ Enjay Butyl outperforms other rubbers in many other ways, too. Provides 
long-term resistance to chemicals, heat, ozone, weathering, moisture, abrasion, 
flexing and tearing. Unmatched in electrical properties. Famous for imperme- 
ability to gases. You can find out how versatile Enjay Buty! can help improve 
your product, by contacting your nearest Enjay office. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COMPANY, INC. 

15 West 51st Street, New York 19, N.Y. 

Akron « Boston « Charlotte « Chicago « Detroit « Los Angeles « New Orleans « Tulsa 
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WHAT?... An entirely new con- 
cept in socket set screws—capable 
of delivering the highest degree 
of holding power ever attained .. . 
is now available! The new P-K® 
W-POINT provides 30% more 
back-out torque . . . 50% more 
resistance to vibration ... 50% 
more resistance to rotary slippage! 


W-POINT 


U.S. PATENT NO. 2,907,245 


*Y PARKER-KALON 


Perhaps your engineering depart- 
ment would like to test the new 
W-POINT. Ask your P-K Indus- 
trial Distributor for complete in- 
formation and samples, today, or 
write to P-K direct for technical 
bulletin No. 1106. 


268 


WHY?.. 

Because or- ? 

dinary cup point set screws fail 
to meet today’s exacting appli- 
cation requirements, and the in- 
creasing demand for component 
reliability. Because of the pivot 
point built into the cup, the 
W-POINT tracks cleanly and 
uniformly. Its impression upon 
the work is even in depth and 
shape at all points on the cir- 
cumference, producing intimate 
frictional contact on both flanks 
of the cup. The new P-K 
W-POINT reduces ‘‘wobble’’ 
caused by the required tolerance 
clearances between screw 
threads and the tapped hole— 
minimizes the ‘“‘tipping’’ effect 
of key tightening—eontributes 
increased contact areas for 
stronger, more dependable hold- 
ing power than ever before 
possible. 
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HOW 
MUCH 


HOW MUCH?... Not one 
penny more than conven- 
tional set screws. You get all 
the advantages of this revo- 
lutionary improvement in 
socket set screws—at no in- 
crease in price! 


SET SCREW 


PARKER-KALON, a division of 
General American Transportation 
Corporation. Clifton, New Jersey. 
Offices and Warehouses in Chicago 
and Los Angeles. 
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NEW PARTS AND MATERIALS 





aperture adjustments are completely 
independent for each channel. Each 
of the four channels has an inde- 
pendent time delay adjustable from 
| to 1000 microseconds. The four 
photos can be taken in sequence or 
simultaneously. Equipped with four 
f1.4 Nikkor 50-mm objective lens, 
the camera uses a Wollensak 75- 
mm, f1.9 recording lens. The cam- 
era takes pictures in color or black 
and white, including self-illuminat- 
ed objects such as explosives and 
electrical discharges. For hazardous 
locations the camera head can be 
operated remotely. Abtronics Inc. 
64 South P St., Livermore, Calif. 
Circle 777 on Page 19 


Temperature Sensor 


for precise-location measurement 


Delta-Couple Model B1 is for ac- 


curate temperature measurements | 


with a minimum of thermal disturb- 


ance at precise in-wall locations of | 
steel structures having a section | 
thickness of 1/, in. or greater. Stand- | 


ard sensor is available with body 
materials of 1020, ASTM-A7, or 
4130 steels, and 303 stainless steel. 
Chromel-alumel is standard junc- 
tion material. Leads are 10 in. 
long, No. 28 B&S-gage wire, glass- 


asbestos insulated. Body has a 34- | 


24 NF-2 thread for installation. 
Body lengths are available in 1% in. 
increments from 14 to 31% in. 
Thermocouple - junction location, 
which is determined to +0.002 in. 
or less, is available in standard in- 
crements of !f in. from 0.001 in. of 


heated surface to 0.005 in. from un- | 
Units are individ- 


heated surface. 
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Custom Pumps for your design 


. ai ROTARY PUMPS 


Consult Roper about the special pumps 
needed for your projects. Our long 
experience in designing and building 
pumps for leading original equipment 
manufacturers makes possible savings 

in development time and nit cost. 
Whether your problem is high pressure, 
low pressure, capacity, size or weight — 
Roper has solved requirements like 
these for many customers. Let us go to 
work on the pump for your application. 
Write or call us today. 


ROPER HYDRAULICS, INC. 
DEPT. 241-— P.O. BOX 269 
COMMERCE, GEORGIA 
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Amplet Magnetic Limit Switch 


Needle-threading ac 
as demor ated 


9 times more accurate than conventional proximity systems 


This new Amplet® Magnetic Limit Switch operates with uncanny accuracy .. . 9 times 
more accurate than conventional proximity systems. It acts on the proximity of two min- 
iature sensing elements . . . and provides a new standard for precision control of all 
types of machine motion. 

Amplet meets the most rigid specifications for long life, environmental conditions and 
continuous accuracy. Check these important features ... + High repeat accuracy, to 
+.001” on successive approaches + Adjustable differential as low as .002” + Differen- 
tial accuracy is maintained within +.001” + True snap action ... 1 millisecond 
response time + Nothing to wear out, static devices APPLICATIONS 
are used throughout + Trigger distance variable The Amplet Magnetic Limit 
from .020 to .200” for ‘‘on’’ signal, greater distances a fe ple nll gg 
available on special order. © Machine Tools — Limiting 

Amplet has only three basic parts. A probe mounts vs tbmemntened ng on OM 
on a stationary part of the machine, a magnetic trigger ® Transfer Machines — 
mounts on the moving part and becomes the actuating eee ce Se See 
element, and the amplifier boosts the probe signal to 
useful levels. Probe and trigger are completely free 


station transfer conveyor. 
@ Automated Production — 
from environmental and shock conditions. 


Continuous sequencing 
and counting. 


© Measurements — Auto- 
matic weighing and filling. 


be. FIND OUT ALL ABOUT THE NEW AMPLET .. .. Complete 
@™&. specifications, application information and sensitivity 
characteristics are available for you now. Call or write, today. 


"CONSOLIDATED CONTROLS 
CORPORATION / sist tno onsen 


BETHEL, CONNECTICUT 
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ually packaged, and thread sealant, 
detailed instructions, and a spanner 
wrench are furnished with each or- 
der. Advanced Technology Labora- 
tories, Div. of American-Standard, 
369 Whisman Rd., Mountain View, 


Calif. 
Circle 778 on Page 19 


Environment Chamber 
has range of —125 to +350F 


Mobile environmental chamber, Mo- 
del AF-1.5-125+350, has a range 
from —125 to +350F. Entrance 
ports at the door for instrument 
cables eliminate feed-through ports 
and terminal panels. Temperatures 
can be lowered from +350 to — 100 
F in 50 minutes, and raised from 
—100 to +350 F in 30 minutes. 
Accuracy is +2 deg F. Features in- 
clude a 24-hr recording chart, in- 
terior lighting, multipane thermal 
glass assembly in the door, hermetic- 
ally sealed heating elements, safety 
controls, stainless-steel interior, 16- 
gage steel exterior with baked fin- 
ish. Power requirements are 200 v, 
single phase, 60 cycles; or 220 or 
440 v, three phase. Interior dimen- 
sions are 14 x 14 x 14 in. Floor 
space is 26 x 32 in. Webber Mfg. 
Co. Inc., Box 217, Indianapolis 6, 
Ind. 
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Rack-Mounted Oscillograph 


has modular construction 
for flexibility 


Type 5-123 oscillograph mounts on 
standard 19-in. relay racks. It can 
be built to a variety of configura- 
tions and specifications by assem- 
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* WHO NEEDS AUTOMATION? 





This was the latest thing in baling presses in 1752. 
It worked fine then, and probably would today—provided 


pine ™ bh e Wa y you could afford the operating time and cost. 
= What about the way you put pressure on things that have 
we do it now 


to be compressed, squeezed, flattened? If you’re 


s not using Fluid Power, you may well be hours and dollars 
works fine _ se hanalpedapag$ 


ahead to investigate the Modernair way now: 


‘eae teens platen ol'e prem bo couageces 
and hold bundles of folded cartons in aceon 


a p uopuwege ioe “retract,” air flows to net cylinder as 
v eter terre ee 


GET YOUR HELPFUL FLUID POWER CIRCUITRY 
MANUAL... Write us today for your copy Medornair, C ORPORATI 0 N 
fe of “MOLECULONICS,” or request it from 


ae Tae Senne ee aad service 400 Preda Street - San Leandro, California + LOckhaven 2-6485 
outlet. ; 


COPYRIGHT 1960, MODERNAIR CORPORATION 5007 Brookpark Road - Cleveland 34, Ohio - SHadyside 9-6393 
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FOR 
“AS DESIGNED” ie th 


PERFORMANCE WALDRON 
HERE COUPLINGS 


HERE 


When a lot of time and effort have been put into the 
design of a driven unit, it makes sense to protect its 
operating efficiency with a good coupling. 


Waldron gear couplings are available in a wide range 
of standard and special types for any service require- 
ment, to provide complete protection and positive, 
trouble-free drive. 


Deliveries are excellent. Rough bore standard cou- 
plings up to 6” sizes, already assembled, can be shipped 
from stock; others, to meet customers’ schedules. 





WALDRON-HARTIG DIVISION : 


MIDLAND-ROSS CORPORATION CR 


a 


P. O. Box 791 + New Brunswick, N. J. 
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bling a combination of modules, in- 
cluding mounting, record transport, 
optical, drive, and front-panel con- 
trols. Universal, independent wir- 
ing harness makes possible electri- 
cal interconnection with only a 
screwdriver. Basic number of chan- 
nels is 36 and 50, with other sizes 
possible by changing magnet blocks 
in optical module. Variety of rec- 
ord speeds from very slow to 160 
ips is possible with drive module. 
Direct viewing of writing trace is 
provided at all times. Standard 
paper is 12-in. wide, direct-print- 
out type, and capacity is 475 ft of 
thin-base paper. Consolidated Elec- 
trodynamics Corp., 360 Sierra 
Madre Villa, Pasadena, Calif. 
Circle 780 on Page 19 


Indicator 


is differential 
transformer type 


Accurate indication and recording 
of static and dynamic values of 
linear motion, acceleration, force, 
pressure, strain, and other quantities 
measurable by  differéritial-trans- 
former transducers are achieved 
with Model 300BF differential trans- 
former indicator. Demodulated out- 
put, flat to 500 cps, is available for 
operation of cathode-ray and re- 
cording oscillographs. Static, slowly 
varying, and average values are dis- 
played on a 10-in. Weston panel 
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PUT RECORDAK PRECISION MICROFILMING TO WORK FOR YOU... 





Save time everytime you refer to 
drawings, everytime you make prints 





Irs easy to take the wait out of drafting—do away with 
waiting for drawings, prints, revision notices. 

Recordak Precision Microfilming automates your 
bulky engineering drawing files—transforms them into 
trim decks of cards which can be filed at the fingertips 
and referred to or copied immediately. Here’s how this 
unique Recordak System can work for you: 


1. All of your drawings and prints—all sizes, ages, 
colors—are reproduced with needle-sharp line detail 
and remarkably uniform backgrounds on low-cost 
35mm Recordak microfilm. New Recordak microfilm- 
ing techniques and quality control methods are respon- 
sible for outstanding results which more than meet the 
most rigid government specifications for resolution 


2. Mounting these superb 35mm Recordak microfilms 
in plain or punched Filmsort aperture cards gives you 
an active drawing file that can be kept right at hand in 
5% of space needed for original drawings and prints. 
Duplicate cards can be made directly from original 
cards for draftsmen, branches, subcontractors, govern- 
ment agencies! Fifty cards mailed first class for just 20¢! 


=RECORDPK’ 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 32nd year 
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3. Easy to see what a difference Recordak Precision 
Microfilming makes. Smallest detail is sharp and clear 
when cards are projected in Recordak Film Reader. 
Use of these cards in drafting room cuts need for refer- 

ence blueprints at least 75%. : 


Pe ig 
at 


4. Another saving in printmaking costs. Whenever 
paper copies are needed, reduced-size prints can be 
made directly from your Recordak microfilm cards, or 
duplicate cards, by photographic, xerographic or elec- 
trostatic methods. Here again, Recordak Precision 
Microfilming pays off in improved print quality. 

Free booklet—‘‘must reading” for every engineer and 


draftsman—gives further details on this new system, 
available through Recordak. 


eeeeeveeeee MAIL COUPON TODAY eeeeeeveeaeaee@ 


RECORDAK CORPORATION DD-2 
415 Madison Ave., New York 17, N.Y. 

Gentlemen: Send free booklet describing new Recordak 
Engineering Drawing System. No obligation whatsoever. 


Name 





Company 





Position 
Address. 
City Zone. State 


eeeeeeveeeeeeeeeeeveeeeeeeee eee eeeeaeeeeaene 
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When ARPS Corporation Needed 


RUGGED, LONG-LIFE CHAIN 


— WHITNEY was the Choice! 


~ 


) Whitney #160H Chain 
permits interchanging cutters 
for varying types of digging 





Heavy Duty *“TRENCH HOG”’ 
Delivers Maximum Performance 


When ARPS CORPORATION engineers were designing the ‘“Trench 
Hog”’ trencher, they knew that extreme demands would be put 
on the drive chain and especially the digging chain which car- 
ried the cutters. Users don’t baby equipment like this, and they 
expect it to stand up under long, hard service—no matter how 
tough the digging. 

Arps engineers selected Whitney #160H Chain for the digging 
chain and standard Whitney Chain in 3 sizes for drive chain. 
After more than 10 years of experience with thousands of units 
in the field, here’s the record: Arps has never received a com- 
plaint on the ‘‘Trench Hogs”’ chain performance. 

Whitney Chain is superior performance chain because every 
detail of Whitney Chain production involves careful quality 
control and the use of the most advanced chain manufacturing 
techniques. More is put into every Whitney Chain to insure 
that the user gets more out of it. 

Whitney Chain is sold and serviced by a network of strategically 
located Distributors who can provide expert help in solving 


any chain drive problem. Ask them, or write for the Whitney 
Chain Catalog. 
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meter. Instrument features an in- 
ternal excitation supply, self-check- 
ing features which eliminate drift 
errors, and five calibrated sensitivity 
ranges which cover usual scientific 


_ and industrial requirements. Ac- 
| curacy is 1 per cent with maximum 


resolution of 0.000005-in. of core 


_ displacement. Daytronic Corpora- 


tion, 225 S. Jefferson St., Dayton 
2, Ohio. 
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Self-Generating Accelerometers 


for maximum acceleration 


of 5000 g 


Self-generating accelerometers fea- 
ture 500 F temperature operation 
and less than 3 per cent cross-axis 
(lateral) sensitivity. Units are 
available for missile and aircraft 
vibration testing and for general 


| industrial measuring applications. 


Features include maximum accelera- 
tion of 5000 g, hermetically sealed 
case, high output for given cap- 
sule size, and accurate calibration 
for reliable repeat measurements. 
Clevite Electronic Components, 3405 
Perkins Ave., Cleveland 14 Ohio. 
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Large-Screen Oscilloscope 
has 17-in. cathode-ray tube 


Large-screen oscilloscope with 17-in. 
cathode-ray tube performs various 
oscilloscope functions with high de- 
gree of resolution and accuracy. It 
is especially suited for computer 
readout observation. Oscilloscope 
incorporates 10 mv per in. sensitiv- 
ity, highly stabilized input amplifiers 
for drift-free operation, accurately 
calibrated controls for over-all 2 per 


CHAIN COMPANY 


4567 S. Western Bivd., Chicago 9, Illinois 


THE WHITNEY 


a@ subsidiary of FOOTE BROS. 
GEAR AND MACHINE CORPORATION 


POWER TRANSMISSION DRIVES 


cent accuracy. EPR Special Prod- 
ucts Corp., 675 Barbey St., Brook- 
lyn 7, N. Y. 
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A Tiny Producer, the honeybee, is 
equally famous as a supplier of a favorite 
delicacy and as a pollinator of valued 
crops. Worker bees — the only nectar- 
gatherers, honey-processors and home- 
builders — are always the smallest 
members of their colony. About 2” long, 
they're considerably smaller than drones. 


Miracles in 
Mimaturization 


ACTUAL SIZE OF THE MPB BEARINGS ei 


1M DENTAL HANDPIECE SHOWN ABOVE 


February 18, 1960 


Small Pain-Reducer. In this newest 
dental handpiece, tiny MPB bearings per- 
mit the head to be miniaturized for easier 
use and better visibility, particularly with 
children. The MPB bearings used here must 
withstand punishing acceleration from 0 to 
250,000 rpm in a half-second, the speed 
necessary for comfortable, quiet drilling. 


Man With Miracles. Every day MPB 
Sales Engineer Ray Armstrong helps indus- 
trial and scientific engineering staffs to 
select miniature bearings that reduce fric- 
tion and increase accuracy of instruments 
and other devices. An MPB sales engineer 
is always ready to help you develop the 
miniaturization your products need. 


More Miniaturization Than Ever. Even in the dimmest past, reductions 
in size have been absolute necessities to meet certain needs. Today, outer space 
exploration and many other modern projects call for miniaturization on a 
greater scale than ever. MPB, continuing as the foremost pioneer in this field, 
produces over half of the nation's supply of miniature bearings, including over 
500 types and sizes, ranging down to 1/10” O.D., with specials as required. For 
a catalog with complete details, for engineering assistance or for both, write 
Miniature Precision Bearings, Inc., 102 Precision Park, Keene, N. H. 


ME-B Helps you perform 
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miracles in miniaturization 
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TO THE ENGINEER 


who can use a little honest trickery 


There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full. 


That’s because AE has had years of experi- 
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices. 


If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug- 
gestions can simplify the control package. 


They can also show you why AE relays and 
stepping switches cost you less in the long 
run. 


For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 


= 
p uy 


7 
+ 


paw] that never binds, never breaks, elim- 
inates the necessity of ever readjusting 
armature stroke, does away with double- 
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into! 

You'll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications. 


Want more information? Just write the 
Director; Industrial Products Engineering, 
Automatic Flectric, Northlake, Illinois. Ask 
for Circular 1698-H: Rotary Stepping 
Switches; Circular 1702-E: Relays for 
Industry; and our new 82-page booklet on 
Basie Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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THE ENGINEER’S 


Library 


Recent Books 


Oil Hydraulic Power and Its Industrial 
Applications. By Walter Ernst; 467 pages, 
614, by 91%, in., clothbound; published by 
McGraw-Hill Book Co. Inc., 330 West 
42nd St., New York 36, N. Y.; available 
from Macuine Design, $12.50 per copy 
postpaid. 


Generation, utilization, transmis- 
sion, control, and applications of 
oil hydraulic power are general 
areas of discussion. Basics of fluid 
mechanics, component and circuit 
design, and information on equip- 
ment, operation, and maintenance 
are covered. This second edition 
includes new material on petroleum- 
base and synthetic hydraulic fluids, 
hydrodynamic effects in rotating 
fluids, hydrostatic bearings, pump 
noise and vibration, and_servo- 
mechanisms. 


Mechanisms and Motion. By K. H. 
Hunt, Senior Lecturer in Mechanical En- 
gineering, University of Melbourne, Aus- 
tralia; 114 pages, 534 by 834 in., cloth- 
bound; published by and available from 
John Wiley & Sons Inc., 440 Fourth Ave., 
New York 16, N. Y.; $4.25 per copy. 


Conventional graphical methods 
of mechanism analysis are rational- 
ized by means of vector applications. 
Also, an introduction to space 
mechanisms is presented. Vector 
methods in kinematics, hinged plane 
mechanisms, degrees of freedom, 
and plane mechanisms with sliding 
and higher pairs are some general 
topics of discussion. 


Engineering Statistics. By Albert H. 
Bowker, professor of mathematics and 
statistics, and Gerald J]. Lieberman, pro- 
fessor of statistics and industrial engi- 
neering, Stanford University; 585 pages, 
64, by 914, in., clothbound; published by 
Prentice-Hall Inc., 70 Fifth Ave., New 
York 11, N. Y.; available from MacHine 
Desicn, $11.00 per copy postpaid. 


Application of modern statistical 
theory to engineering and physical 
sciences is covered. Fundamentals 
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engineering for both cost and mechanical requirements in the bearing field... 


Bunting can help you identify and procure the 

bearing or part that will do your job at the lowest 
possible cost. Often a re-examination of the actual 
mechanical needs of a bearing application reveals an : 
opportunity to save money in design. Another saving is 
almost invariably achieved by considering ALL the new 
bearing materials which Bunting makes available 

to you today. Let Bunting help you engineer your 

bearing application in the light of modern 

availabilities. Send in your blueprints 

or ask for engineering counsel. 


.Case In point * 


sfc Clearly evident is 
the economy in the 
prod 


n 


BUNTING ENGINEERS ... Bunting maintains a 
staff of bearing engineers whose wide experience 
and specialized knowledge are available to 

you gratis for study and recommendation concerning 
your current or contemplated bearing applications. 


write for these... 

No. 158 General Catalog—Complete listings of Cast Bronze 
and Sintered Bronze Stock Bearings and Bars and Bunting 
Bearing Aluminum Bars. Pocket size edition. 

No. 1 Engineering Handbook of Powder Metallurgy— 

A comprehensive technical treatment of engineering and 
manufacturing of sintered metals, bearings and parts. 

No. 46 Technology of Bunting Bearing Aluminum— = 

A technical treatise on the composition of and machining 
Bunting Bearing Aluminum Bar Stock. 


The BUNTING Brass and Bronze Company 
Toledo 1, Ohio, Phone EVergreen 2-3451 
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Inside the huge swept wing of the Convair 880... 


The 120-foot wing span of 
the Convair 880 permits 
landings and take offs from 
almost any airfield that will 
accommodate four-engine 
propeller-driven transports, 
bringing jet-speed travel to 
most major world cities. 


PY) D> MUTA ae doy VM vere courtesy convare 
JOINTS at work , 


In producing wing flap actuator systems for the Convair 880, Western 
Gear Corporation selected Apex universal joints. These joints, designed 
and built to minimize backlash, help provide the instant, precise oper- 
ation required by jet airliners. 

The bearings in each of the Apex universal joints are sealed against 
abrasive action of sand and dust and have been pre-lubricated for 
long service life. Male spline, female spline or knurled hub ends are 
furnished, according to individual application requirements. 

The solution to your drive-line design problem may be found in the 
complete line of aircraft and industrial universal joints produced by 
Apex. And only Apex offers the sealed, lubricant-retaining covered 
universal joint that operates efficiently in fluids, gases, corrosive atmos- 
pheres or in extremes of temperatures. 


SEE OUR 
CATALOG 1 r 
[seers or write, on your company letterhead please, 


= for Catalog 28 and Universal Joint Data Sheets. 
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of probability and distribution, nor- 
mal distribution, chi-square, bi- 
nomial and Poisson distributions, 
and significance tests are discussed. 
Operating characteristic curves are 
liberally used to explain difficult 
statistical concepts. 

Nonparametric techniques as well 
as standard one and two-sample pro- 
cedures are presented. ‘Tables of 
factors for one-sided tolerance limits 
are included. 


Encyclopedia of American Associations. 
716 pages, 9 by 11% in., clothbound; 
published by and available from Gale 
Research Co., 34th Floor Book Tower, 
Detroit 26, Mich.; $20.00 per copy. 


This second edition lists 8892 na- 
tional associations, professional so- 
cieties, and other nonprofit organi- 
zations. Listing includes such in- 
formation as number of members, 
description of activities, and special 
committees or divisions. 

Organizations are divided into 18 
basic sections. The directory is 
cross-indexed with multiple entries 
for each organization. 


New Standards 


Screw-Thread Standards for Federal 
Services, Handbook H 28 (1957)—Part 
II. 119 pages, 734 by 10% in., paper- 
bound; available from Superintendent of 
Documents, U. S. Government Printing 
Office, Washington 25, D. C.; $0.75 per 


copy. 


Issued in November, 1959, this 
National Bureau of Standards vol- 
ume is the second of a series of three 
and amends in part H 28 (1944) 
and its 1950 supplement. Covered 
are standards for pipe threads, in- 
cluding dryseal pipe threads; gas 
cylinder valve outlet and inlet 
threads; hose coupling, including 
fire-hose coupling threads; and hose 
connections for welding and cutting 
equipment. 


ASTM Standards on Metal Powders and 
Metal Powder Products. 84 pages, 61/, 
by 91/4, in., clothbound; published by and 
available from American Society for Test- 
ing Materials, 1916 Race St., Philadelphia 
3, Pa.; $2.25 per copy. 


Presented in convenient form are 
ASTM standards relating to metal 
powders, bearings, structural parts, 
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ANALYSIS CONTROL 


fo your restricted specifications with 


J&L Cold Rolled Strip Steels 


Controlled analysis is one of the basic factors necessary 
for quality strip steels. 


J&L offers you an experienced organization devoted to 
strip steel processing combined with fully integrated melt- 
ing facilities designed for controlled analyses. 


J&L’s leadership in the use of basic oxygen furnaces, high - 
standard open hearth practice and electric furnaces per- jemsth peneios Gnd Gieetis torte melee t ater aa men 
mits melting to more accurate analysis ranges than usu- specifications. 

ally considered necessary. Above all, they assure cleanli- 


ness with residuals and inclusions held to a minimum. 


With an organization experienced in specialized strip steel 
processing, your standard or most rigid specifications can 
be met consistently. 


WK For your convenience, precision strip facilities S TQ! co 


are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) seus Sonia sabes’ po sun cerven conten 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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carbides, heavy metals, and termi- 
nology relating to powder metal- 
lurgy. In addition to 23 standards, 
a general description of production 
processes, mechanical pruperties, 
and uses of metal-powder sintered 


| bearings is included. 


American Standard, ASA Y32.3-1959, 
Graphical Symbols for Welding. 100 
pages, 6 by 9 in,, paperbound, stapled; pub- 


| lished by and available from The Amer- 
ican Society of Mechanical Engineers, 29 
| West 39th St., New York 18, N. Y.; $3.00 


per copy. 


This standard helps the designer 


| specify complete welding informa- 


tion. Detailed instructions are given 


| for graphically representing every 
| kind of weld. 


| Association Publications 


Proceedings of the Sixth Midwestern 
Conference on Fluid Mechanics. 465 


| pages, 6 by 83% in., clothbound; available 
4 


from Engineering Institutes, University of 
Texas, Austin, Texas; $12.50 per copy. 


Heat transfer, stress analysis and 


vibration, hydrodynamics and me- 
teorology, hydraulics and hyper- 
sonics, special flow problems, in- 
strumentation, and boundary layers 
were general areas of discussion. 
Some specific topics included in the 
30 papers are secondary flow in 
straight-open channels, an extended 
Reynolds analogy, spherical explo- 
sions in sea water, tangent flows, 
and heat transfer by cellular convec- 
tion in the presence of impressed 
magnetic fields. 


How to Design and Buy Investment 
Castings. Edited by Robert H. Herrmann; 
176 pages, 6 by 9 in., clothbound; pub- 
lished by and available from Investment 
Casting Institute, 27 East Monroe St., 
Chicago 3, Ill.; $3.95 per copy. 

This book provides a comprehen- 
sive insight into the field of invest- 
ment castings. Designing of invest- 
ment castings, determining quality 
of cast parts, selection of metal, and 
basic production techniques are gen- 
eral areas of discussion. 


Analysis of 1959 Revision of National 
Electrical Code. By H. P. Michener, 
NEMA Staff; 44% by 7 in., paperbound; 
available from National Electrical Manu- 








UTILIZATION 
— tells at a glance in hours and minutes 
the percentage of available time equip- 
ment operates . . . gives the complete 
picture of the work load requirements, 
production potential, need for addi- 
tional equipment. Sets up a sound basis 
for leased equipment, service con- 
tracts, and the sale of used equipment. 


MAINTENANCE 


— enables the establishment of main- 
tenance schedules on hours of use... . 
the organized plan that saves money 
without cutting quality. Protects equip- 
ment and avoids costly interruptions in 
production schedules. 

+ Distributors in Principal Cities 


WRITE FOR CATALOG 600 


3 Pies a 


oO Or 


TOTAL HOURS 


ALTERNATING CURRENT 


METERS available in 2/4” and 
3%” models in Bakelite case con- 
forming to applicable govern- 
ment specifications. DIRECT 
CURRENT meters also available. 


HOBBS PRESSURE SWITCHES 


Industry -approved for wide range 
of applications. Single circuit, 
dual circuit; single terminal, dou- 
ble terminal — a complete line. 
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Fawick Airflex Clutches on Bu; MUIILECEs 
pay off quickly thru... 


power 
transmission 
by remote 
control 


Adaptability to remote control is an inherent advantage 
of Fawick Airflex Clutches that pays off fast in terms 
of reduced cost. 


A typical example is the push-button ship unloading 
system at Maple Leaf Milling Company, Ltd., Port 
Colborne, Ontario, Canada. Here, one man operates the 
small portable control panel to actuate four FAwIck 
Airflex Clutches which regulate forward and reverse 
movements of the drag line scoops. Since modernizing 
with FAwIck three years ago, the company can 
point to important reductions in: 


e manpower requirements—down 30% 

e unloading time—down 20% 

© power requirements—down 60% 

e clutch maintenance—none in three seasons 


Through these direct savings the FAwick units helped 
pay for the installation in only one year! 


Performance of this type demonstrates FAwIck’s 
adaptability to many and varied power transmission 
applications . . . and ability to produce benefits that you 
can count in dollars. Call your nearest FAwICK 
representative or contact the Home Office for expert 
assistance in selecting the best clutch for your application. 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD + CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


[AML 


MAS FR LE 


INOUSTRIAL CLUTCHES AND BRAKES 
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facturers Association, 155 East 44th St., 
New York 17, N. Y.; $0.50 per copy. 


This analysis shows the nature 
of each Code revision since the 
1956 edition. It is presumed that 
users will be in possession of the 
current Code, so no attempt is made 
to show detail in new requirements. 


Research Reports 


The Electro-Hydraulic Analogy of 
Switching Circuits. By J]. M. Case and 
Ernest C. Fitch Jr., assistant professor, 
Oklahoma State University; 39 pages, 8'/ 
by 11 in., paper covered, plastic spiral 
binder; available from Oklahoma State 
University, Engineering Experiment Sta- 
tion Publications, Stillwater, Okla.; $1.00 
per copy. 


A complex electrical control cir- 
cuit was related to its hydraulic 
equivalent by means of logic func- 
tion definitions and electrohydraulic 
analogies. Final hydraulic circuit 
was fabricated and tested, and its 
characteristics were analyzed. 


Government Publications 


OTS Technical Reports. Copies of re- 
ports listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


PB 151618. Insulation Study for Airframe 
tructures. By Gibson Oakes, Aerophysics De- 
velopment Corp.; 142 pages, 8% by 10% in., 
paperbound, stapled; $2.75 per copy. 

Properties and characteristics of blanket or 
fill, molded plastic, and ceramic insulation 
are discussed. Heating rates of structures 
with and without insulation are compared, 
and transient thermal response of airframe 
structures is evaluated. An optimum insula- 
tion thickness is defined. 

PB 151789. Spacing of On-Off Controls: 
Toggle Switches. By J. V. Bradley, Aero 
Medical Laboratory, and R. A. Wallis, An- 
tioch College; 21 pages, 8% by 10% in., 
paperbound, stapled; $0.75 per copy. 

Type of switch, spacing, orientation of 
linear array, and direction of throw were 
experimental variables. Reach-and-operation 
time, inadvertent touching of adjacent switches, 
and inadvertent operation of adjacent switches 
were performance measures recorded. Data 
are compared with push-button experimental 
results. 


PB 151909. The Development of Oscillatory 
Rolling-Contact Bearings for Airframe Appli- 
eations in the Temperature Range 300 F to 
600 F. By W. A. Glaeser, C. M. Allen, D. R. 
Grieser, and H. A. Van Dyke, all of Battelle 
Memorial Institute; 104 pages, 8 by 11 in., 
paperbound, stapled; $2.50 per copy. 

More than 1000 commercially available high- 
temperature roller bearings were evaluated. 
Three bearing materials, two bearing de- 
signs, two oscillations amplitudes, and a num- 
bar of high-temperature greases were tested 
under oscillating conditions. Load-life charts 
with 95 per cent confidence limits were es- 
tablished from statistical analyses of data. 

PB 161031. “No Backlash’’ Universal 
Joint. By R. E. Stokley, Borg-Warner Corp. ; 
23 pages, 8% by 11% in., paperbound, stapled; 
$0.75 per copy. 

Development of preloaded, tapered roller 
bearings led to construction of a universal 
joint with no backlash. New joint is inter- 
changeable with other universal joints. Report 
contains photos, design drawings, and test 
specifications. 
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MORE WORKING MUSCLE 


IN THE 


A dj 
INDUSTRIAL e p 
L.4 ® 


ENGINE 


The ‘Jeep’ L-4 was designed to give you the win- 
ning combination you need: the smoothness of 
a six, with the economy ofa four. This rugged en- 
gine delivers 20-45 continuous duty horsepower. 
Coast-to-coast and world-wide distribution of 
parts. Reasonably priced. Pilot models available. 


KEYPOINT ENGINEERING MAKES THE DIFFERENCE. The 
parts that work the hardest are built the strongest. Every 
‘Jeep’ Industrial Engine is built this way, to insure a long, 
rugged life. Among the L-4 Keypoint features are Positive THE ‘JEEP’ 6-CYLINDER ENGINE 
Valve Rotators, Hard-chrome rings, Stellite or Eatonite Big brother to the L-4 is the 
valves, positive crankcase ventilation and many more. . . at powerful ‘Jeep’-6, a heavy duty 
tun onat engine that delivers 4 to 65 
aie , continuous duty hp. High tor- 
que in low speed ranges, for 
extra muscle! 


Write for literature and prices 
KAISER WILLYS MOTORS, INC. 
WILLYS 


Manufacturers of ‘Jeep’ 4 and 6 Cylinder Industrial Engines 
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DRIVE AND CONTROL IDEAS aie 


with 


FOR ENGINEERS : flexible shafts 





REMOTE CONTROL 


Reliable synchronization at high tempera- 
ture is made possible by S. S. White fiex- 
ible shafts on ‘this actuator system for 
jet afterburner nozzles. The job assigned 
the shafts was to synchronize the system 
to permit multipoint installation and 
smooth, even application of power... at 
ambient temperatures up to 650F! To see 
iow flexible shafts simplify design, pic- 
ture doing this with solid shafts, gearing, 
universals, and other paraphernalia, around 
a 360° bend .. . and then imagine in- 
stalling it! 


POWER DRIVE 


Running cool at 45,000 rpm! The 

S. S$. White flexible shaft on this 
grinder-miller permits the use of 
carbide and diamond tools at speeds 
that were previously unknown to hand 
tools. The flexible shaft drives the 
handpiece from a %-hp motor 
suspended over the table at speeds 

up 45,000 rpm, without overheating and 
without vibration. A good point for 
designers to note is that in many cases, 
the higher the speed of a flexible 
shaft, the better the performance. 


COUPLING 


Alignment and vibration problems are solved by 
an S. S. White flexible shaft on this railroad 
brake controller. The device detects wheel slip- 
page during braking, by means of rotary switches 
on each axle that detect changes in relative move- 
ment between pairs of wheels on the truck. If 
damaging slip occurs, the device releases brake 
pressure until slippage stops. A flexible shaft 
is fitted to the axle and drives the rotor in the 
switch, eliminating alignment problems and pre- - 
venting excessive axle vibration from reaching the 
sensitive device. 


Se: 
, Yes 


Write for bulletin 5801. 


IN FLEXIBLE SHAFTS / USEFUL DATA ON SELECTION and APPLICATION! 


S. S. White also offers engineering service 

S. S. WHITE INDUSTRIAL DIVISION (Dept. 4 ) and comprehensive colection al flexible shaft 
10 East 40th Street, New York 16, N. Y sizes and types to meet special requirements. 
Write for bulletin 5601. 





One, e Standard S. S. White flexible 
shafts are available ‘‘off the shelf,”’ 
making many savings possible. 

e 
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News about 


B.EGoodrich Chemical -» =s:ra: 


Standard Garlock KLOZURE® oil and grease seals are made 
by The Garlock Packing Company, Palmyra, New York. 
B.E Goodrich Chemical Company supplies the Hycar nitrile rubber. 


Here’s why one manufacturer selects 
Hycar to make efficient, durable seals 


By using the advantages of Hycar nitrile rubber in atures from —40° F to 250° F constant, 300° inter- 
its standard compound for making oil and grease mittent. 

seals, The Garlock Packing Company provides Hycar is a versatile material you can use in many 
sealing elements that are oil- and grease-resistant. ways. For complete information, write Dept. 


In addition, Hycar helps produce homogeneous, FO-1, B.F.Goodrich 

non-porous and grainless seals that are impervious Chemical Company, 

to water, mild acids and alkalies. 3135 Euclid Avenue, year 
Further, this manufacturer likes the tough, Cleveland 15, Ohio. ag BS RLGDe 

durable and resilient qualities of Hycar. Shaft Cable address: Good- Latte 

seals are abrasion-resistant, yet non-abrasive and _—chemco. In Canada: Ruby 

free-running. They withstand operating temper- Kitchener, Ontario. 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


B.EGoodrich GEON vinyls - HYCAR rubber and latex - GOOD-RITE chemicals and plasticizers 


February 18, 1960 Circle 599 on Page 19 





installed in unique 7-mile Hot Sulphur Pipeline 
at the Grand Isle Mine of FREEPORT SULPHUR COMPANY 


This ingenious pipeline, buried 

five feet below gulf bottom un- 

der 50 feet of water, can 

transport up to 4,500 tons of 

sulphur daily from the mining 

plant in the Gulf of Mexico to 

the loading wharf at Grand =f return water 

isle, Louisiana. This pipeline, TO MINE i HOT SULPHUR 
at the world’s first offshore ume 
sulphur mine, consists of a 

14-inch OD protective casing, 

a 7%" hot water jacket line 

and a 6” OD suiphur line. 


The weight of the 6” and 7%” pipes are carried on 8 Orange 
roller bearings at each support point, located two in tandem 
at 90° circumferential positions, at 19% foot centers along 
the 7-mile route. These bearings permit pushing or pulling 
the inner lines through the 14-inch casing and allow very low 
friction. 


The roller bearings, designed and engineered by Orange 
engineers, consist of 14” OD outer races with full comple- 
ments of precision rollers mounted on pins which are inserted 
in heavy steel cups. The bearings are pre-lubricated and 
sealed by the pressure of end plates against seals imbedded 
in the sides of the outer races. The design and construction 
of the bearing assemblies were based on precise calculations 
to meet the unusual conditions of heat, loading stresses and 
permanent lubrication requirements. 


Orange engineers and field representatives invite discussion 
of your bearing design problems, without obligation. The 
most efficient solution will be furnished from the extensive 
line of Orange Roller Bearings—or by special adaptations. 
Write for new 44-page Engineering Reference Manual cover- 
ing complete line of Orange Roller Bearings. 


ORANGE ROLLER BEARING CO., Inc. 


, @) RA iat | G ia ? 556 Main Street, Orange, N. J. 


Needle Bearings — Staggered Roller Bearings 


ie) i LER B E ARI N GS Journal Roller Bearings — Thrust Roller Bearings 


Cam Followers 
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SOLVED: 


ee, ef Sadie ’ 4 ‘ a ae : 
One of four 274 ft. high towers aboard the George F. Ferris showing method of installing hydraulic jacks built by Yuba Manufacturing Division, Yuba Consolidated In- 
dustries, Benicia, Calif. George Bauer, of Delong Corp., New York, is shown supervising construction while platform is being completed at Yuba’s Richmond, Calif., plant. 


es 6 


YUBA gets quality-cost-delivery advantages 
by specifying 16 Sandusky cylinders 


Sixteen 500-ton hydraulic jacks built by Yuba, for 
which Sandusky supplied the main cylindrical bodies, 
enable the new pipe-laying barge, George F. Ferris, 
to operate in waters 200 ft. deep! 

This 5400-ton barge is equipped with four struc- 
tural steel towers 274 ft. high. Four jacks on each of 
the towers provide the power to lower these steel 
“legs” to the ocean floor, raise the barge above the 
surface of the water, or retract the towers to render 
the barge navigable. The steel jack cylinders are San- 
dusky Centrifugal Castings, made to the requirements 
of ASME Code-approved SA-217, Section VIII, Un- 
fired Pressure Vessels, to withstand operating pres- 
sures of 3000 psi. They were produced in 186” lengths, 


SANDUSKY = 


machined to 24” O.D. with 2” thick walis and sec- 
tioned into four pieces 43” long. 

Yuba’s selection of Sandusky Centrifugal Castings 
was based largely on three essential factors: QUAL- 
ITY—meeting the exacting Code requirements . . 
COST-—saving about half the cost of an alternate 
method of manufacture .._ . and DELIVERY—com- 
ing through on a tough time schedule by delivering 
all 16 cylinders within 21 working days! 

When you need cylinders from 7” to 54” in O.D. 
and up to 33 feet long it will pay you to get in touch 
with us. Write for our latest booklet, Your Solution 
To Cylindrical Probiems containing data on more 
than 70 ferrous and non-ferrous alloys, 


CENTRIFUGAL CASTINGS 


FOUNDRY & MACHINE CO. 


SANDUSKY, OHIO— Stainless, Carbon, Low-Alloy Steels— Full Range Copper-Basb, Nickel-Base Alloys 
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for the Mack bus 














New design seal ends grooving, eliminates 
costly flange replacement on bus axle carrier 


insure that grooving will not cause flange replace- 
ment, an easily installed wear sleeve with syn- 
thetic rubber lining is provided. 


In early designs of the axle carrier assembly for 
the new Mack bus, a combination of high tempera- 
tures, EP oils hardening the sealing lip and a rela- 
tively soft sealing surface on the flange caused 
grooving. It was then necessary to replace the 
flange, an expensive procedure. 


The problem was solved through application of a 
new National 410,000 series synthetic rubber oil 
seal. The special compound of the new-design syn- 
thetic rubber sealing lip is unaffected by either 
high temperature or EP lubricants. To positively 


in buses, trucks, tractors and machinery, as 
well as throughout American motor car manufac- 
ture, National seal engineers work with factory 
designers to provide better, less costly, more effi- 
cient lubricant sealing. This experience is yours at 
no obligation; simply call the National Seal engi- 
neer. Look under Oil Seals, in the Yellow Pages. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Redwood City and 
Downey, California 
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314” 
r+%n 


1% Y," +" a DIA. 








Former piercing limit: only 712”. . . requiring 
customer to complete tough 8” boring job. 





COMMERCIAL internally pierced 13”, 
drilled only 2”. . . delivered part with 
completed hole, holding close tolerance. 














i ee 





“Task-Forging” Pierces Holes 60% Deeper 


Advanced upsetting techniques at COMMERCIAL now 
permit internal piercing of forgings well beyond the 
commonly-accepted 7 to 1 length-to-diameter limit. 


Good example of new advantages: a 39 Ib. rear 
axle spindle. Formerly the customer had to drill 8” 
of the 1%” I. D. after forging—a tough job with a 
close concentricity tolerance. 


Now “Task-Forged”, the part leaves COMMER- 
CIAL’s versatile, integrated plant with completed bore 
. ..With a substantial savings in metal and machining. 


For COMMERCIAL’s “Task-Forge” engineering- 


upsetting-boring team, the improvement was a “1- 
2-3” routine: 

(1) The square end, flange and round end were 
upset from a 2%4” bar of SAE 8640 steel. 

(2) The internal hole of varying I. D. was punched 
13”. . . over 60% deeper than before! 

(3) The remaining 2” of the 1/2” I. D. was pre- 
cision drilled in the same plant. 

Like to see what the “Task-Forging” concept can 
do for you? Just send a sketch or drawing of your 
part to Dept. S-8. 


COMMERCIAL SHEARING & STAMPING COMPANY IAS VAV IA VIL ASPs A 





YOUNGSTOWN I, OHIO 


Shearing & stamping 
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greater sales acceptance for your equipment! 


CONTROL ENGINE VIBRATION 


TWO GOOD ENGINE SUSPENSION DESIGNS 


Efficient isolation of engine vibration provides an important com- 
petitive advantage to manufacturers of modern automotive equip- 
ment. LorD-engineered flexible suspensions do the job, assuring 
smooth, quiet, long-lasting performance that satisfies users. 

Cushioning the severe torsional firing impulses and unbalance 
forces of today’s high compression, high horsepower engines gives 
these positive benefits: greater operator comfort . . . less structure- 
borne noise . . . protection of radiators and components from fatigue 
failures or malfunction . . . lower stresses on engine and structural 
members from frame and chassis twist. 

LorD engine suspensions of proved design are expertly engineered 
to meet your requirements for performance and stability. Specially 
compounded elastomers afford high temperature and oil resistance. 

LorD capabilities in vibration/shock/noise control for heavy auto- 
motive engines are unmatched. You can utilize them to obtain better 
performance, greater sales appeal for your engine or vehicle. Contact 
your nearest Lord Field Engineering Office or the Home Office, Erie, Pa. 


FIELD ENGINEERING OFFICES 


ATLANTA, GEORGIA - CEdar 7-9247 KANSAS CITY, MO. - WEstport 1-0138 
BOSTON, MASS. - HAncock 6-9135 LOS ANGELES, CAL. - HOliywood 4-7593 
CHICAGO, ILL. - Michigan 2-6010 NEW YORK, N. Y. - Circle 7-3326 
DALLAS, TEXAS - Riverside 1 -3392 PHILADELPHIA, PA. - PEnnypacker 5 - 3559 
DAYTON, OHIO - BAidwin 4-0351 SAN FRANCISCO, CAL. - EXbrook 7-6280 
DETROIT, MICH. - Diamond 1-4340 WINTER PARK, FLA. - Midway 7-5501 

“in Canada — Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY - ERIE, PA. 
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FRONT MOUNTING 
ass'Y 


Typical suspension for truck engine uses Lord compression-type 
elastomeric mountings to isolate disturbances and accommodate 
frame distortion. Center Bonded Mountings feature high unit load 
capacity and patented rebound protection. 


UNTING 
Bp ENGINE 

FRONT MOUNTING 
ASS 


MOUNTING BRACKET 


Recommended arrangement for truck engine suspension is de- 
coupled system with front mountings higher than rear. This 
results in maximum stability and smaller, lighter mountings. 
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REED : : Angular : 
; : Contact Bearing: : 
Bearing : 


Spherical Roller 


Spherical 
Roller Bearing 


0 makes so many standard sizes, there’s 
practically no such thing as a “special size” 
of bearing. They range from tiny instrument 
bearings right up to four-row tapered roller 
bearings—and account for almost every pos- 
sible bore size in-between. 


Take S's standard cylindrical roller 


bearing, for example. It’s promptly available 
in 154 sizes of single- and double-row types 


Spherical, Cylindrical, Ball," Ween Tapered and REED Miniature Bearings 


hrust Bearing 


Tape 
Roller Bearing 


Single Row 
Deep Groove 
Ball Bearing 


What's a “special size” in production bearings? 


—for shaft diameters ranging from 1” to 9.5”. 
Every size, in both types, offers high radial 
capacity in relation to its size and operates at 
highest speeds because of its very low friction. 

So, before you specify a “special size” bear- 
ing, call the nearest SSF sales office first. 
The odds are better than 1,000 to 1 that 
there’s already a standard S&F bearing of 
exactly the size you need. 


tverv TYre-EvERyY vse 
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BEF INDUSTRIES INC. PHILADELPHIA SZ. PA. . 


ou Can Work Mew Wonders Mth 
PRODUCT DESIGN consioer 


Peatherweight BEARINGS & 


MESSINGER 


So Hundred Sordy 
Standard Sizes... 


FROM 





O.D. 
2.50" 




















TO 


1.D. O.D. WIDTH 
60.00" 62.00" 1.00" 























Minimum and Maximum Cross- 
<p Sections for Range of Stand- 

NX ard Sizes are Shown in Actual 
Size, at Left. 


























Despite their extreme light weight and slim section, these “FEATHERWEIGHTS”, 
like all Messinger Bearings, are made to give years of precision performance 
under surprisingly heavy loads. They provide the widest latitude in bearing 
application to the design of many types of appliances, machinery and equip- 
ment. Write for catalog. 


“FEATHERWEIGHTS” are only one of MESSINGER ( ) BEARINGS, Inc. 


many types of Messinger Bearings which SFY, 
warrant your consideration in the first ROLLER AND BALL BEARINGS : FEATHERWEIGHT TO HEAVY WEIGHT 


stages of design—regardiess of the  } STREET ABOVE ERIE AVE. - PHILADELPHIA 24, PA. 


size or nature of the project. Consulta- Ei ; ff 
tion available, without obligation. Smoothing Industry’s Pathway for Nearly Half a Century 
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Looking for the newest, most com- 
plete line of General Purpose Switches? 


Acro’s newly designed model B and F switches will meet 
your toughest electrical and mechanical requirements 





Just check Acro’s brand new features! 


NEW! Up to 21 amp, 2 HP in the F series! 

NEW! Moulded-in terminal posts, with blind tap holes, 
keep out dust and contamination. 

NEW! And now Acro offers the most complete line of 
actuators. Shown are just 10 of the complete series. 


1. NEW! Acro’s clip-on cover construction, which requires 
no drilling or pinning, eliminates bakelite dust particles 
from contaminating the contacts. 

2. NEW! Acro’s famous rolling spring principle insures low 
minimized contact bounce. This gives you high horse- 
power rating and longer electrical life. 


U.L. Approved 15 AMP 120-240-480 V.A.C. 2 AMP, 120 V.D.C., % AMP, 240 V.D.C. 
model B Ss wi tches For detailed specifications and prices write for Catalog B. 


e) 


— | we 
~ r 


BRD2-5L-1S 
Leaf Actuator 


Operating Characteristics 
Operating force 5 oz. max. 
Release force ¥ oz. min. 
Pretravel .156 max. 
Overtravel .... 1/32 min. 
Movement diff. .050 max. 


model F 


FAD2-1A-1S 
Pin Actuator 


Operating Characteristics 
Operating force 
Release force .. 
Pretravel 
Overtravel 
Movement diff. 


RELAYS 


AT CERIO) 


SWITCHES 


10-18 oz. 
6 oz. min. 
.050 max. 
-010 min. 
-0075 max. 


BRD2-70-1S 
Short Overtravel Plunger 


Operating Characteristics 
Operating force .. 9-13 oz. 
Release force .. 402. min. 
Pretravel .. .010-.025 
Overtravel . 1/16 min. 
Movement diff. .003 max. 


BRD2-LW8-1S 
Overtravel Leaf 
Actuator (long) 

Operating Characteristics 
Operating force 21/2 oz. max. 
Release force 1/2 OZ. min. 
Pretravel .. 9/32-13/32 
Overtravel . .187 min. 
Movement diff. .016-.078 


BRD2-24P-1S 
Roller Panel Mount 
Operating Characteristics 
Operating force 9-13 oz. 
Release force . 4 02. min. 
Pretravel 010-.025 
Overtravel . . .140 min. 
Movement diff. . .003 max. 


BRD2-LW228-1S 
Overtravel Roller 
Leaf Actuator (short) 


Operating Characteristics 
Operating force 
Release force 
Pretravel .... 
Overtravel 


Movement diff.  .006-.031 


U.L. Approved 21 Amp, 120-240-480 V.A.C., 1 H.P. 120 V.AC., 2 H.P. 240 V.AC. 
For detailed specifications and prices write for Catalog F 


© we & 


FAD2-10-1S 
Long Overtravel Plunger 


Operating Characteristics 
Operating force 
Release force .. 
Pretravel 


Movement diff. 


10-18 072. 
6 oz. min. 
.050 max. 
Overtravel .... 1/16 min. 
.0075 max. 


FAD2-3P-1S 
Large Overtravel Plunger 


Operating Characteristics 
Operating force 10-18 oz. 
Release force .. 602. min. 

-050 max. 

7/32 min. 
.0075 max. 


Pretravel 
Overtravel .... 
Movement diff. 


FAD2-5L-1S 
Leaf Actuator 


Operating Characteristics 
Operating force 9 oz. max. 
Release force 1 02. min. 
Pretravel .... 11/32 max. 
Overtravel ... 1/32 min. 
Movement diff. -065 max. 


FAD2-2M-1S 
Roller Leaf Actuator 


Operating Characteristics 
Operating force 9 oz. max. 
Release force .. 1 0z. min. 
Pretravel .... 11/32 max. 
Overtravel .. 1/32 min. 
Movement diff. -065 max. 


for detailed specifications and prices write for catalogs “B” and “F”’. 


Free engineering service. Our engineers will be happy to pit their pro- 
fessional experience against your tough switching problem. Just tell us 
what it is . . . we'll recommend ways to solve it. No obligation, of course. 


ACRO DIVISION 


“OUR 21st YEAR” 


February 18, 1960 


COLUMBUS 16, OHIO 
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6 oz. max. 
11 02. min. 
.045-.140 
-080 min. 


Only one hydraulic pump offers 
these 4 benefits... AE Hydramite’ 





1. Tapered roller bearings. Two high-capacity, heavy-duty tapered 
roller bearings support the eccentric cam shaft. This means that a 
Hydramite can take more punishment ... handle heavier unbalanced 
loads ...and last longer. The pump casing is ported so that the 
pumping action of tapered bearings will provide better lubrication. 





3. Curved Slipper distributes thrust load of its plunger and reduces 
unit stress to the point where maintenance is never required at what 
is a critical wear spot in most hydraulic pumps. Also, curved slippers 
riding on the outer race of the cam shaft roller bearing minimize 
scrubbing action between these parts. 


2. Positive pumping action. No cam follower springs to fail. Each 
plunger connects to a curved slipper (A) through a knuckle 
joint (B). In succession, plungers are pushed out by the cam 
shaft roller bearing (C) and pulled back by return rings (D) which 
hold each slipper snugly against outer race of the cam bearing. 


4. High efficiency. With a Hydramite you get an overall efficiency of 
85%. Shown above is typical 10 gpm pump curve. Its flat overall high 
efficiency has little variation between 1,500 and 5,000 psi. What's 
more, with a Hydramite you get positive suction. There is no need 
for supercharging equipment which reduces system efficiency. 


To meet your specific requirements, Hydramite pumps can be 


supplied for constant displacement from 3 to 25 gpm at 5,000 psi 
and 60 to 100 gpm at 3,000 psi for hydraulic fluids with viscosities 
of 150 to 300 ssu at 100° F. In special applications they have 
handled viscosities as low as 40 and as high as 900 ssu at 100° F. 
Special materials and seals permit handling of missile fuels and 


See our four-page 
catalog in Sweet's 
Product Design File, 
or write us 

for reprint 
(Catalog P-60). 


special fluids at higher temperatures. Available in flange, foot or 


face mounted styles. 


Write or call American Engineering Company, Dept. P-147, Phila- 


delphia 37, Pa. Phone: CUmberland 9-3800. 
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AMERICAN ENGINEERING COMPANY 


Hele-Shaw Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra-Grate, Perfect Spread and Taylor Stokers. 
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Linco!n 
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LINCOLN ENGINEERING CO. 
5736 Natural Bridge Ave. 
St. Lovis 20, Mo. 


Please send me Lincoln Catalog No. 81 describing 
Centro-Matic lubrication systems. 

NAME__ omaciiinl —__TITLE 

COMPANY. 

ADDRESS ewe ‘ 

CITY . —= oe 66SEC 





Like to break into an interesting 
field where you'll make good use 
of your engineering talents — yet 
have a chance to develop new skills? 


We're looking for several men 
with engineering experience and a 
yearning to write or edit. As an 
editor on Macnuine Desicn, you 
would broaden your engineering 
background in a job that provides 
stimulating contact with people in 
many engineering areas. 


You don’t have to have actual 
writing or editing job experience, 
although we expect definite ability 
in handling the English language. 
An ME or EE degree plus several 
years of design-engineering experi- 
ence would be ideal, but we'll be 
happy to consider equivalent quali- 
fications. Age: 25 to 35. 


If you’ve worked in a design- 
engineering specialty area, we'd like 
to hear about it. We’re interested 


with an interest in writing 


in any job experience or training in: 


@ Mechanical drives, controls, systems 
@ Mechanical components, assemblies 
@ Electrical or electronic drives, con- 
trols, systems 
Hydraulic or pneumatic systems, 
drives, controls 
Materials and finishes selection or 
specification 
Design for manufacture or produc- 
tion design 


Our headquarters are in Cleve- 
land. There is opportunity for 
travel to engineering meetings, ex- 
positions, and manufacturing com- 
panies. Salary will depend on your 
background and experience. 


If you are interested, send a re- 
sume of your engineering back- 
ground, and any evidence you may 
have of writing ability (we'll re- 
turn this if you wish) to: Editor, 
Macuine Desicn, Penton Bldg., 
Cleveland 13, Ohio. 





—————— 





Pee eS 


Here is power cylinder engineering when you need it! 


x 
@ 





al 


‘At Anker-Holth we are used 
to hurry-up calls. 


’ We are used to tough problems 
Tale oalz\0laar-lecomelaremanzelcclelive 
power cylinder design. 


We are used to devoting time 
and study to a proposal 
even if no assurance 

of an order is there. 


In most cases we can have a 
factory trained expert in cylinder 
design at your plant within hours 
from the time you call us — no 
matter where you are located 

or what your needs are. 





Anker-Holth service is as close 
as your telephone. Phone 
‘ Port Huron, YUkon 5-7181. 


Users of standard cylinders: 
Find out about Anker-Holth’s 

nine complete lines — the most 
diversified selection anywhere. 


ANKER-HOLTH DIVISION 
The Weliman Engineering Co. 
2723 Connor St., Port Huron, Mich., U.S.A. 


Please send me more information 
about Anker-Holth Cylinders 


C-2 
Name 
Title 
Company 

| peg | —— =. “ 


State 
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BUFFALO 
“Packaged” 


BELTED VENT SETS 


You can depend on 
these Quality Fans for 


> RATED OPERATION 

> LOW NOISE LEVEL 

> MINIMUM VIBRATION 

> TROUBLE-FREE OPERATION 


Highly efficient, quiet, compact units. 
Ruggedly built, yet light in weight. Easy 
to install, indoors or outdoors. (Avail- 
able with all-weather drive covers). 
Buffalo design assures minimum turbu- 
lence, prevents overloading. Variable 
capacity provides for future increased 
ventilation needs. Capacity range: 500 to 
20,000 CFM. Write for Bulletin 3720-A. 


For full details on Buffalo Air Handling 

Equipment and Centrifugal Pumps, 

contact your nearby Buffalo Represen- 
tative or write direct. 


BUFFALO FORGE COMPANY 
Buffalo, N.Y. 


Buffalo Pumps Division Buffalo, N. Y. 

Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 

VENTILATING e AIR CLEANING ee AIR TEMPERING 

INDUCED DRAFT e EXHAUSTING e FORCED DRAFT 
COOLING e HEATING e PRESSURE BLOWING 
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* 
Professional 
Viewpoints 
. » symbols for geometric tolerances . . . 


Specifying tolerances on drawings by means of sym- 
bols instead of notes was proposed in the article 
“Symbols for Geometric Tolerances” (Macuine De- 
siGN, Oct. 15, 1959). Author of the article is Fred L. 
Spalding, Associate Professor, General Engineering 
Dept., University of Illinois, Urbana, Ill. The table 
on Page 302 illustrates recommended symbols. 

Reaction of several Macuine Desicn readers to 
Prof. Spalding’s article, along with his further com- 
ments, are presented here. 


To the Editor: 

Theoretically, it is desirable to reduce drafting time 
as much as possible but, practically, the suggestions 
in this article would cause about the same difficulties 
as if everybody were expected to learn to read and 
write shorthand. 

From my own experience in different industries and 
in consulting work, the use of symbols other than 
those commonly understood always results in more 
lost time than could possibly be justified by the time 
saved in the drafting room. Even within the plant 
where these symbols are used it seems to be impos- 
sible to get all toolmakers and machinists to under- 
stand the meaning of symbols, and it takes very few 
trips from the tool room to the design department to 
more than cancel all possible savings in drafting time. 

This condition is accentuated when drawings are 
sent to subcontractors or vendors because it invariably 
results in a letter or a telephone call asking for an 
explanation and, here again, the loss of time on the 
part of quite a few people does not justify the saving 
in drafting time. 

In the drafting room itself, if all the symbols are 
not used continuously so that the draftsmen know 
them by heart, the time used in looking up the ap- 
propriate symbol could be more usefully spent in 
spelling out the requirements. 

As stated above, the knowledge of shorthand, wheth- 
er it be for writing or drawing, is very desirable, but 
its use as a means of communication usually causes 
more problems than it solves. 

—P. H. WINTER 
Chief Engineer 
Pass & Seymour Inc. 
Syracuse, N. Y. 


To the Editor: 

Mr. Winter certainly has a point—that any system of 
shorthand requires constant use in order to maintain famil- 
iarity with the characters used. However, the primary use 
of symbols for geometric tolerances is not the saving of 
drafting time but the elimination of repetitious notes, thus 
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Metallurgical Memo from General Electric 


» 


RENE 41°... THE SUPER ALLOY 
THAT WORKS WONDERS IN THE 


HIGH TEMPERATURE 
BRACKET | 


Tops in Strength . . . in Stability . . . 
in Increased Ductility . . . in Corrosion Resistance! 





Properties of Rene 41* . . . the proved 
General Electric vacuum-induction- 
melted super alloy . . . demonstrate 
unique operational reliability. 
Designed to meet severely stressed 
supersonic temperature applications, 
René 41 has worked wonders for many 
needs in the space age. High-strength 
characteristics and ease of workability 
make it one of the most versatile high- 
temperature materials available today. 
Rene 41 is available in strip, sheet, 
bars, wire, and in forgings, plates or 
billets. It can be readily machined, 
forged, drawn, spun, welded or brazed. 
If your problems center in the high- 
temperature range, write for all the facts 
on G-E high-purity vacuum-induction- 
melted alloys. Feel free to phone for the 
on-the-job assistance of a G-E engineer. Operator checks molten alloy in furnace beneath 
Metallurgical Products Department of him where temperatures range from 2500° to 
General Electric Company, 11159 E. 8 3000° F. Vacuum-induction melting makes René 
6 i AB 9 41 or any composition virtually free from 
Mile Ave., Detroit 32, Michigan. impurities and inclusions which reduce causes of 
*René 41 is a trademark of the General Electric Company premature structural failures. 
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METALLURGICAL PRODUCTS DEPARTMENT 


GENERAL 7 ELECTRIC 





CARBOLOYe CEMENTED CARBIDES «© MAN-MADE DIAMONDS * MAGNETIC MATERIALS «© THERMISTORS ¢ THYRITE® © VACUUM-MELTED ALLOYS 


February 18, 1960 Circle 613 on Page 19 299 





DO YOU SHARE THESE 
COMMON MISBELIEFS ABOUT 
SOLENOID AIR VALVES? 


“THE SOLENOID IS TO BLAME FOR COIL BURNOUT” 
Very seldom. In most cases, and particularly with spool 
valves, sticking valve members create overloads, overheat- 
ing and coil burnout. 


“AIR IS FREE’’ 

Perhaps a little ridiculous, but the way many plants waste 
it, you would think it was free. Actually, compressed air not 
properly controlled can be the most costly power medium 
you use. We have a study on the dollar cost of air leaks 
that will blow your hat off. 


“AIR VALVES ARE ALL ABOUT THE SAME"’ 
When they are new they all work fine. While all other 
valves start going down-hill with every operation, the seal- 
ing qualities of Barksdale Valves are improved through 
operation. 


SHEAR-SEAL VALVE DESIGN 
PROTECTS THE MOST EXPENSIVE 
COMPONENT, THE SOLENOID, 
AGAINST OVERLOADS. 


WEAR COMPENSATING 
FEATURE CONSERVES 
COSTLY AIR 


There is a Barksdale representative in your vicinity who has 
the facts supporting the above statements. 


Send for the bulletin: 
“Benefits offered by 
Barksdale AIR-SEAL Valves.” 


CONTROL VALVE DIVISION 
M 
~ Warksdale valves 
5125 ALCOA AVENUE « LOS ANGELES 58 © CALIFORNIA 
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providing a drawing that is easier to use. 

The use of symbols is not uncommon in drawing prac- 
tice. Other symbols are used and universally understood, 
such as finish marks, thread symbols, welding symbols, and 
piping and wiring diagram symbols. Symbols occupy less 
space than complete notes and consequently give the draw- 
ing a less cluttered appearance. They may be applied in 
a more uniform manner than notes. Symbols eliminate 
the tendency to differences in wording of notes, which 
often result in inaccuracies of both expression and _ inter- 
pretation. Once familiarity with the symbols is gained, a 
drawing can be read more quickly and accurately. 

However, it is evident that before geometric tolerance 
symbols can be introduced, it is very necessary that the tol- 
erancing principles involved are widely used and understood. 

Undoubtedly, there are many drawings made and used 
teday which should, but which do not, have geometric 
tolerances specified, owing to the difficulty of expressing 
or interpreting the geometric requirements of designs that 
have relationships involving these characteristics, and to 
the extra difficulty of composing notes which would be 
understandable. Too frequently such specification has been 
left off the drawing, and complete reliance has been placed 
on “good workmanship,” without defining what that con- 
stitutes. Then the problem is whether the shop will inter- 
pret “good workmanship” in the same manner as the 
designer. 

If a universally recognized “shop practice standard,” de- 
fining “good workmanship” could be developed, then, of 
course, the entire problem would be solved. 


—Frep L. SPALDING 


To the Editor: 


I wish to point out that a great many companies 
cngaged in commercial work are doing military work 
also. In the course of accepting military work, a com- 
pany is obligated by contractual promises to adhere 
to military specifications. One specification, MIL-STD 
8, defines “Positional and Other Geometrical Toleranc- 
ing” in Section 4 of issue 8A. In comparing the two 
methods of tolerancing and symbol designation the 
MIL-STD 8 requires flatness to be designated by the 
symbol for “Twist” in Prof. Spalding’s table; it omits 
any designation for twist. It requires that concentricity 
be designated as a dot within a circle, and not as 
shown in the article. MIL-STD 8 also omits many other 
geometrical and positional tolerance symbols shown 
in Prof. Spalding’s article. Further, the method of call- 
ing out these facets of geometrical and positional tol- 
erancing information differs in that the spec requires 
that a specific dimensioned rectangle (11/4 x 14) be 
used to contain the symbol, reference letter, and tol- 
erance. The rectangle containing the datum feature 
symbol is also controlled dimensionally (54 x 1%) and 
the symbol letter must be preceded and followed by 
a dash (as suggested in Prof. Spalding’s article). 

My reason for writing this to you is that I believe 
it is time that industry and the military got together 
and standardized on one set of rules. We would then 
be devoid of controversies in the field of design and 
drafting practice. It would be a financial impossibility 
for a company to have two sets of standards, one for 
the military and one for commercial productivity. I 
am of the opinion that the controversy of simplified 
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New Century Sleeve Bearing Motors 
For Out-Of-Reach Places 


Century 48-Frame sleeve bearing motors are now avail- 
able with PERMAWICK lubricating system. After sev- 
eral years of testing this amazing new material, Century 
offers a completely new bearing and lubrication system. 
When a motor must be installed where maintenance is 
difficult or impossible, this system will assure trouble- 
free operation. 

This new lubricating method meters the lubricant (a 
high grade turbine quality mineral oil) in the proper 
amount to the journal surfaces. A perfect oil film is 
maintained. The oil retention of the PERMAWICK 
cellulose fibres is superior to any medium previously 
available. Field tests and accelerated life tests have 
proved this system—it is even superior to the excellent 
Century bronze bearing, wool yarn system which we have 
used for many years. 

The redesigned bearing and lubrication system of the 
48-Frame motor supersedes the long fibre wool wicking 
originated by Century fifty years ago. There is a newly 


designed thrust device with a capacity higher than pre- 
viously available. It also includes a new super-finish 
steel-backed, babbitt-lined journal. The combination of 
PERMAWICK and the new type sleeve has been proved 
by exhaustive tests for use in the following severe 
applications: 


¢ Belted drives with heavy side pull. 

« Fan drives with high axial thrust. 
Ambient temperatures as high as permitted 
by insulation of any type. 
Vertical shafts of all types. 
Requiring five years or more without 
re-lubrication. 


These applications impose unusual demands on the 
bearing system. Obviously, less severe requirements can 
be handled readily by the new designs. For additional 
information on these new motors, call your local Century 
Sales Office. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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exsmed 
LOWER COST 
on your 
products 


ewith, thes 


family of 


GRIPcO. | 
FASTENERS [ieee 


Jt Grif 


All types and sizes of 
Gripco fasteners listed 

in catalogue are available 
for immediate delivery. 


Qualified fastener 

engineers are available 

for consultation on all 

your assembly problems. —= 

GRIPCO PILOT-PROJECTION 
WELD NUT 

@ BRASS GRIPCO OR CENTERLOCK NUTS. 


@ MINIATURE WELD AND CLINCH NUTS, 
WITH OR WITHOUT LOCK. 


@ GRIPCO AND CENTERLOCK 
HI NUTS. 


@ STANDARD SEMI-FINISH FULL 
AND JAM NUTS. 


@ STAINLESS STEEL LOCK, WELD 
AND SEMI-FINISH NUTS. 


@ COLD FORMED SPECIAL NUTS 
OR PARTS TO PRINT. 


GRIPCO COUNTERSUNK 
WELD NUT 


The Uation’s Oldest Maxuhactwroer 
a oh Lock Uuts 


Send for samples and NEW CATALOG foday 


GRIP-NUT comrany 


103 MAPLE AVE. * SOUTH WHITLEY, INDIANA 


302 Circle 616 on Page 19 





PROFESSIONAL VIEWPOINTS 





TABLE 1—Recommended Symbols 
for Geometric Tolerances 


Basic Symbols 
Alignment oe fo 
Angularity : 
Concentricity 
Flatness 
Parallelism 
Perpendicularity or squareness 
Roundness or circularity 
Straightness 
« Symmetry 
True position 
True profile or true contour 


TW. ok. ne 
’ 


Qualifying Symbols 
Maximum material condition (MMC) 


Regardless of feature size (RFS)... . 


drafting practice can be solved by this united effort. I 

am not saying that simplified drafting is out of the 

question or not feasible. It can be adopted as stand- 

ard, however, only by companies doing commercial— 
not military or government—business. 

—F. Martoccia JR. 
Standards Engineer 
Electronic Communications Inc. 


St. Petersburg, Fla. 


To the Editor: 

Congratulations on the publication of the excellent 
article entitled “Symbols for Geometric Tolerances” 
by Prof. Fred L. Spalding. Prof. Spalding’s compre- 
hensive and extremely timely article, advocating the 
use of these symbols, will undoubtedly do much to 
arouse interest in this most important subject. 

With regard to Table 1, showing recommended 
symbols for geometric tolerances, however, it is per- 
haps unfortunate that Prof. Spalding has omitted to 
separate the sheep from the goats. He lists a total of 
twelve basic symbols and two qualifying symbols, but 
does not give any indication in the text as to which 
of these symbols have been approved by the ABC 
Conference for use in the English-speaking countries. 
(Reference should be made to the report of the ABC 
Conference held in Toronto, October 7-11, 1957.) 

It will be found that six symbols only, those for 
angularity, concentricity, squareness, roundness, sym- 
metry, and true position were approved as shown in 
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AT IBM, RAPID RECOGNITION AWAITS those engineers who can 
improve computer manufacturing by applying new advanced tech- 
nological developments. Typical assignments now open include... 


Cost Estimators and Standards Engineers to estimate manufac- 
turing and engineering costs, develop estimating standards and 
write operation sequence sheets for the manufacture of compo- 
nents and subassemblies of complex data processing equipment. 


Quality Engineers to apply modern scientific and statistical en- 
gineering methods in reviewing designs and specifications used 
in the manufacture of advanced electronic computer systems; to 
analyze product specifications in order to generate quality speci- 
fications and design statistical quality-control methods. 


Test Engineers (Electronic) to plan and execute tests for the 
evaluation of electronic computer systems; to test computer sys- 


tems and recommend design and logic changes in order to 
improve system reliability. 

Semiconductor (Process) Engineers to develop manufacturing 
methods and techniques for production of transistors and other 
semiconductor devices. 


ANU- 
FACTURING 


Electromechanical Designers to design high-speed electro- 
mechanical devices. Work involves magnetic circuit analysis, de- 
sign of test circuitry, and vibration analysis. 


Careers available in these related fields: Advanced Automation, 
Industrial Controls and Manufacturing Research and Methods. 


Qualifications: B.S. or M.S. in Industrial, Electrical, or Mechani- 
cal Engineering—or equivalent industrial experience. 


Manufacturing facilities are located in Endicott, Poughkeepsie, 
Kingston, and Owego, N.Y.; Rochester, Minnesota; Burlington, 
Vt.; Lexington, Ky.; and San Jose, California. 

Write, describing background and qualifications, to: 

Mr. R. E. Rodgers, Dept. 590N3 

IBM Corporation 

590 Madison Avenue 

New York 22, New York 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


February 18, 1960 Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





TETRASEALS are rectangular- 
section rings that give high per- 
formance, low-cost sealing for most 
static and some moving applications, 
They're economical because they inter- 
change with standard o-rings, use the 
same groove, require no special 
tooling ...and meet exfro- 

critical tolerances. Ask 

for new, informative 

TETRASEAL 

brochure. 


FOR QUALITY 
GINEERED 
MIONAL 


Go Goshen RUBBER 


O-RINGS 


O-RINGS 

by Goshen 

are precision- 

molded from a 

wide range of 

natural, synthetic and silicone rubber 
compounds to meet today’s advanced re- 
quirements. They‘re available in a complete 
range of AN, MS, SAE and JIC standard 
sizes plus non-standard sizes and special 
shapes. Ask for 16-page O-ring brochure. 


Write, wire or phone 


Gothen feble. Co.,e 


1720 S. TENTH ST., GOSHEN, INDIANA 


Circle 617 on Page 19 


PROFESSIONAL VIEWPOINTS 


| Table 1. These have also been accepted by ISO Com- 
_ mittee TC/10/SCl in their latest draft, 1959. The 
| ABC Group also accepted one symbol to represent 
| both straightness and flatness, this to be a straight- 


horizontal line, or alternatively, the symbol shown for 


| straightness in Table 1. ABC Conference also accepted 
| as a symbol for parallelism two lines sloping at ap- 
| proximately 40 degrees, or alternatively, two vertical 
_ lines. All the remaining symbols are suggestions only 
' and have, as yet, no approval by National Standards. 


—GeorcE Nose 
Standards Engineer 
Dominion Engineering Works Ltd. 
Montreal, Canada 


To the Editor: 

It is very true that companies engaged in military work 
are obligated to follow military standards. However, MIL- 
STD-8A was in process of revision at the time the article 
was written. What form these revisions will take is any- 
body’s guess, but it seems likely that they will, in general, 
follow the recommendations of the ABC Conference in 
Toronto in October, 1957, and the ASA standard. The 
ABC Conference recommended the use of either the straight 
line or the “eyebrow” as the symbol for both flatness and 
straightness, and the ASA undoubtedly will show only the 
“eyebrow” as the symbol for these characteristics, replac- 
ing the old sin curve of MIL-STD-8A. This leaves the sin 
curve out entirely. So far as I know, no generally recog- 
nized standard has a symbol for twist, such a geometric 
control being specified, where required, only in note form. 
Since twist is merely a special case of flatness, I proposed 
the use of the sin curve as a symbol for twist for two rea- 
sons: To get a symbol for twist recognized, and to main- 
tain a logical interpretation for the symbol where it has 
already been used, thus eliminating the necessity for 
changing thousands, perhaps hundreds of thousands, of ex- 
isting drawings. 

As for the symbol for concentricity, the circle around a 
dot is shown in MIL-STD-8A and will undoubtedly be the 
same in the new revision. The symbol of two concentric 
circles is shown in the tentative ISO standard and some 
company standards. While my opinion is that the two 
concentric circles make for greater legibility on the draw- 
ing, I think either, or both, could be used without con- 
fusion. 

Regardless of the actual symbols used, I agree with Mr. 
Martoccia that it is time industry and military get to- 
gether on one set of standard symbols. 

In reply to Mr. Noble’s comments, so far as I know, no 
recognized industrial, national, or international standardiz- 
ing body has yet approved and published any system of 
symbols for the specification of geometric tolerances. 


—Frep L. SPALDING 


They say... 


“We need to quit worrying so much whether per- 
sonnel is spending too much time congregating at the 
water cooler and spend more time making certain su- 
pervisors don’t assign their personnel to auxiliary func- 
tions that should be performed by other departments.” 
—J. Grant MacponneLt, treasurer, Norair Div., Nor- 
throp Aircraft Corp., Beverly Hills, Calif. 
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if your twin problems are 


nroduct improvement 
” Gost reduction 


NATIONAL HTM CASTINGS 


are the answer 








HTM is strength... toughness... wear and fatigue re- 
sistance...non-seizing. HTM is higher machinability 
than B1112 steel . . . it’s closer as-cast tolerances that can 
reduce or wipe out machining operations. 

If you’re reappraising your product from a competi- 
tive point of view... if you’re looking for production 
economies—look into HTM castings. Yes, HTM is many 
things—and it’s just made to order for many mass- 
produced products just like yours. 


A-LISIA 


HTM (Pearlitic | reap pate 
M thi =s t 
NATIONAL : CASTINGS COMPANY many thingae-and they all add 


Established 1868 Cleveland 6, Ohio finished cost. 


The nation’s largest independent producer of malleable and pearlitic malleable 
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Wire and wire/strip 
components improve the 
quality, efficiency and 
appearance of finished 
products. 


CUT COSTS 


Wire and wire/strip 
components save on 
tooling, machining, 
and materials. 


Improve Design 


Wire and wire/strip are 
strong and light; welds 
are stronger than 

parts joined. 


Modern Look 


Wire and wire/strip offer 
functional, decorative 
values. Finishes include 
Lustre-Zinc® (also avail- 
able in attractive colors), 
nickel, chrome, brass, 
cadmium and electro- 
polished stainless steel. 


Free Package 


Send now for our 
Wire/Strip component 
design package. New 
handbook describes com- 
plete production facilities 
for fabricating wire 
forms, welded wire and 
strip assemblies, light 
stampings and staples. 


Be 
«Litchener 


AND COMPANY 
65 CLINTON STREET, BINGHAMTON, NEW YORK 
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Wire motor mount cut costs, ab- 
sorbed vibration, reduced weight. 


Wire/strip paddle arm for clean- 
ing unit reduced costs 70%; ended 
noise problem. 


Wire guide is lighter, easier to 
clean, much lower in cost. 





NOTEWORTHY 


O-Ring Valve 

Displacement of an O-ring is used to control flow 
area in a regulating valve. Increased pressure on the 
plunger squeezes the O-ring inward, decreasing the 





























Low pressure High pressure 











area between the O-ring and the stem. Flow through 
the central passage in the stem is not controlled. Patent 
2,914,084 assigned to Speakman Co., Wilmington, Del., 
by Edward S. McLean and James Fraser. 


Combination-Motion Actuator 


Both linear and rotary motions are provided by a dual- 
output actuator design. One piston produces linear 
motion. A second piston, driving through a screw 














thread arrangement, converts linear into rotary mo- 
tion. The two pistons are independently controlled and 
can be operated simultaneously or independently. Pat- 
ent 2,918,799 assigned to General Motors Corp., by 
Howard M. Geyer. 


High-Temperature Fluid Seal 


Soft metallic wire and asbestos are combined in a fluid 
seal for application at elevated temperatures. The as- 
bestos filaments form a tight gland which holds its 
shape because of the presence of the wires. Since the 
wire is of small diameter and relatively soft, there is 
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MASTER GEARMOTORS 


save material, space and money 


Reducer and motor 
in an integrated 
power package 


Particularly suited to low speed applications, this 

Master Gearmotor gives you a highly efficient, self- 

contained unit that saves you money in a lot of ways: 
1. Reduces mounting plate size. 


. No V-belts, chains or sprockets required. 


2 
3. Takes up less space. 
4 


. No separate components—just one compact 
unit. 


. No high speed coupling, or gear and motor 
alignment. 


Master Gearmotors are available not only in 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


open, enclosed and explosion-proof types, but can 
be supplied with an electrically operated Master 
Unibrake Motor—ideal where quick stopping or 
positive holding is necessary. 

Ratings are from % to 125 hp.; reduction ratios 
up to 120:1. You get a maximum choice of mount- 
ings: vertical, horizontal or flange; fluid couplings 
are available for hard-to-start or cycling loads. 

Your Reliance Sales Engineer can give you all the 
facts about the broad line of Master Gearmotors: 
parallel, and right angle, as well as in combination. 
Call the nearest Reliance office for application help, 
or write for price and rating information. x- 1688 


RELIANCE ‘ncineenine co. 
DEPT. 282, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 


February 18, 1960 
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This is a LONG-LOK Self- 
Locking Screw. It is a one- 
piece reusable fastener, 
heat, vibration, impact and 
shock resistant. 





it is vibration resistant be- 
cause the resilient, reform- 
able insert (A) acts as a 
wedge between the male 
and female threads, causing 
a metal-to-metal drag (B). 


LONG-LOK Self-Locking 
Screws are flush protruded 
and pass through normal 
clearance holes with finger 
pressure. No special clear- 
ance holes are required. 


LONG-LOK Self-Locking 
Screws save time and 
money because they elimi- 
nate safety wire (and head 
drilling), and lock washers. 
They also save weight. 


LONG-LOK Self-Locking 
Screws are available for air- 
craft, missile and commer- 
cial applications. They meet 
MIL-F-18240 Specifications 
and can be head marked for 
self-lock identification. 
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NOTEWORTHY PATENTS 














sufficient flexibility to maintain sealing engagement. 
The gland is produced by die forming a coil of as- 
bestos-wrapped wires. In operation, the conical end 
of the seal is spring loaded to compensate for wear. 
Patent 2,918,339 assigned to Cleveland Pneumatic In- 
dustries, Inc., Cleveland, by Donald G. Hagadone. 


Linear-Motion Drive 

High-speed rotary motion is converted to low-speed 
linear motion in a linear drive unit. A high-speed 
rotary power source drives an eccentrically supported 
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nut, producing a planetary-type motion. The threads 
of the nut roll against screw threads on the output 
rod. Amount of speed reduction is determined by nut 
eccentricity, diameters of nut and screw, and thread 
pitch. Patent 2,918,827 assigned to General Electric 
Co., by Arthur E. Brown. 


Hydraulic Shock Damper 
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Pressure surges in a fluid line are damped by a per- 
forated pipe section with an elastic sleeve. The per- 
forated pipe section is connected to the fluid line. Pres- 
sure surges tend to expand the corrugated resilient 
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Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 
Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8011 N. Monticello « Skokie, Illinois 


FROM STOCK MOLDS 


OR 


CUSTOM MOLDED 


TO 


YOUR OWN DESIGN 


AMERICA’S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 











PAT. PENDING. 


Eliminates leaks in oil, air, 
water, vacuum, chemical lines 


Tru-Seal saves hours in assembling piping 
installations because it enables you to 
run your pipe lines in any direction you 
wish, quickly and easily—without having 
to recut and re-thread piping sections. 
Wherever used on air, oil, water, steam, 
vacuum or chemical lines, it seals perfectly 
ot —100° F. to plus 500° F.—without the 
use of pipe dope. Its installation requires 
only light tightening torque, thus elimi- 
nating over-tightening damage to valves, 
pumps, compressors, and other fittings. 


For further information write 


QO) TRU-SEAL 0100 


FLICK-REEDY CORPORATION 
7NO16 York Rd., Bensenville, Ill. 


“Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp. 


v 


Bh. q 
Tru-Seal LA 


onpipeor SEAL 
fitting as SIDE 


far as it BY 





will go 
hand tight. 


Thread pipe 
or fitting 
3 threads 
into port, 
Point in 

desired 
direction, 








Tighten 
Tru-Seal 
to complete 
leakproof 
assembly 
(only light 
torque 
required), 
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HARTFORD’S 


LOOK AHEAD POLICY 


IMPORTANT TO OUR CUSTOMERS 


artford, blending an exacting 
HA ier, long experience and 

modern facilities, manufactures 
precision balls to increasingly closer 
tolerances and finer surface finishes (less 
than .5 micro inch) to rigid customer 
specifications. Hartford offers a wide 
range of materials able to withstand 
increasingly high temperatures (over 
1500°F), or severe corrosive conditions 
(including moisture, gases and acids) 
and unusual wear problems. A constant 
inventory of standard ball types assures 
immediate delivery on most orders. You 
can be sure of your source when you 
specify Hartford. 


precision 
bails 


This new comprehen- 
sive Technical Guide 
to Precision Ball 
selection contains 

new AFBMA ball 
standards cross 
referenced to previous 
standards. Write for 
your copy today 


Specify 


PRECISION. BALLS 
Hartford Steel Ball Co., 94 Jefferson Ave., West Hartford, Conn. 
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v7 
PULLS UP TO 2@ OF VACUUM 
..» CONTINUOUSLY! 


no messy, oil-laden discharge vapors 


BeG Vacuum Pumps are oil-less units that will pull up 
toa 28” vacuum—not intermittently but continuously! 

These pumps are constructed with carbon-graphite 
piston rings and skirts—bearings are grease packed and 
lubricated for life. This oil-less operation not only means 
freedom from expensive maintenance and lubrication 
problems but does away with messy, oil-laden discharge 
vapors. 

B&G Vacuum Pumps are extremely compact—can be 
easily integrated with equipment and machinery designs. 
Available as bare dry Vacuum Pumps or dry motor 
Vacuum Pumps, powered by B&G-built, quiet, vibra- 
tion-free motors, displacements to 6.57 CFM at 1725 
RPM. Write for Bulletin GO-259. 





Two B&G Vacuum Pumps 
are integral components 
of this vacuum lifter 
which handles 2,000 

Ib. metal sheets. 





FULL LINE OF OIL-LESS 
AIR COMPRESSORS 

Quiet, smooth-running, long-lived 
BaG Compressors deliver clean, 
«ool, dry, oil-free air. 58 models— 
from portable, lightweight 35 Ib. 
single stage to 175 lb. two stage 
motor compressor units—bare 
compressors—tankless and air 
tank motor compressor outfits— 
A.S.M.E. or non-code tanks. 


Ocl-leas 
VACUUM PUMPS 


BELL & GOSSETT COMPANY 
Dept. GB-67, Morton Grove, Illinois 
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NOTEWORTHY PATENTS 





sleeve which is surrounded by air under pressure. 
During dips in pressure following the surges, air pres- 
sure developed in the chamber around the sleeve forces 
the fluid back into the line. Patent 2,918,090 assigned 
to Westinghouse Air Brake Co., by DeWitt L. Shelly. 


Constant-Volume Venturi 


Constant outlet volume independent of inlet conditions 
is provided by a flow-control device. Pressure from 
the upstream side of a venturi section actuates a pis- 
ton to regulate the venturi throat area. Initial setting 
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is determined by an adjustable bypass valve. There- 
after, upstream pressure fluctuations vary venturi open- 
ing to produce constant volume at valve outlet. Patent 
2,918,933 assigned to Oil Center Tool Co., Houston, 
by Boyd D. Boitnott. 


Low-Restriction Check Valve 


Minimum resistance to flow through a valve in the 
open position results from its cylindrical shape. The 
operating pivot of the valve is outside the internal 
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diameter of the conduit. The cylindrical valve swings 
shut against a mating seat to prevent flow in the op- 
posite direction. Patent 2,913,001, assigned to Flight 
Refueling Inc., Baltimore, by John F. Maslow and 
Richard J. Zeitler. 
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advancement 
in instrument 
design 











INDUCTION 
SOLDERING 
UNIT 


d ; Model PM 1 


FOR SMALL PARTS AND ASSEMBLIES 


Simplifies, improves and speeds up component 

production. Provides local heat to otherwise : WHICH is THE 
inaccessible spots. Safe and simple. Max. 

power input 775 watts, 100 watts standby; 
115 volts, 60 cycles. 15%” x 212” x 15”. 

150 Ibs. Bulletin on request. Marion Instru- BEST ANSWER 
ment Division, Minneapolis-Honeywell Regula- 

tor Co., Manchester, N.H., U.S.A. In Canada, iar = ae 


Honeywell Controls Limited, Toronto 17, ae 

Ontario. o 

BRAKING PROBLEM? 
¥ 


Honeywell 
9 SEipccnne roe eurune pp) Teste Coatnl 


| 
| | @INCE 1865 
| foserm 


\ 
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Nobody can really tell but an expert— 
and, when it comes to brakes, the top 
expert is Bendix. Our Customer Application 
Engineers have developed more brakes for 
Compression & Tension Type more different vehicles and other applications 
: . , : . = than anyone else, and we have over 400 
Aircraft cable is strung with spherical steel . 
shells in a rigid or flexible housing sealed different types of brakes in current produc- 
with “O” rings. 3” standard bend radius. e 3 tion. So, doesn’t it make sense to put your 
%” minimum bend radius. “ braking problems up to Bendix? If we don’t 
Three Types: pena have an penis . zm your -_ 
: : exactly, we can certainly develop a speci 
1. Light Duty—Compression Ult. Load 1250 system thet will. Ack us for an analysis 


Ibs.; Ult. tension 960 Ibs. } 
2. Heavy Duty—Compression Ult. Load 1650 and recommendation. 


Ibs.; Ult. tension 960 Ibs. ' BRAKE HEADQU ARTERS 
3. Extra Heavy Duty— Compression Ult. Load ZA 
3050 Ibs.; Ult. tension 3900 Ibs. " 


Positive remote controls for actuating mechanical, hy- 
draulic or other devices. Eliminate bell cranks, pulleys 
and dual cables. U. S. Patent No. 2441719. All 
world rights reserved. Send for ENGINEERING MANUAL 
No. 1551 giving complete specifications covering materi- 


als, finishes, capacities. Please address Dept. MD-PP-60. Bendix srvisron South Bend, IND. 


‘SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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NATIONAL LOCK 
FASTENERS 


is more than skin deep 


Quality wire is the basic ingredient for 
quality fasteners. That's why, at National Lock, 
quality control starts with elements of the raw 
wire. Here, a unique spectograph is used 
to make a complete qualitative analysis of 
the metal that goes into National Lock fasteners 
and cold-headed products. And, too, size, 
thread dimension, finish and other exacting 
customer specifications are checked with equal 
vigilance and thoroughness. National Lock 
fasteners are quality made inside and out to 
assure long-term, dependable performance. 


STANDARD AND SPECIAL-PURPOSE FASTENERS 
FOR AMERICAN INDUSTRY SINCE 1909 


NATIONAL LOCK COMPANY 
FASTENER DIVISION, ROCKFORD, ILLINOIS 
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WARRICK aavens Type 
LIQUID LEVEL CONTROLS... 


give you all these advantages! 


No moving parts in the 
liquid @ Easy to install 
@ No adjustments neces- 
sary @ Unaffected by acids 
or caustics @ Unaffected by 
pressure or temperature @ 
Standard 2&3 pole units 
listed by U/L 


Write for 32-page 


Catalog which gives 
complete specifications 


Twe pole control shown at left 


YOU CAN USE OUR CONTROLS FOR: 


@ Single & multiple pumps e¢ Sewage & waterworks 
e@ Motor & solenoid valves e Chemical Industries 
e High & low cutoffs © Food & Dairy Industries 
& alarms e@ OEM applications 
Special controls to custom requirements 


CHARLES F. WARRICK CO. 
1964 W. Eleven Mile Road, Berkley, Michigan 





Dep't 7 Telephone JOrdan 4-6567 
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FLEXIBLE COUPLINGS 


Here is a design guide full of practi- 
cal help and specifications on 100 
basic forms of flexible couplings. 
This 28-page manual is completely 
illustrated and cataloged for your 


reference. 


$1.00 a copy 


Order from 
MACHINE DESIGN 


Reader Service 


Penton Building, Cleveland 13, Ohio 


(Remittonce or Company Purchase Order must be enclosed with order.) 
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in performance ¢ durability « economy 


BENDIX ELECTRIC FUEL PUMP 
PAYS OFF IN PERFORMANCE 


When your job calls for a fuel pump, think first of 
Bendix. Over the years the Bendix* Electric Fuel Pump 
has proved itself with outstanding, dependable perform- 
ance under stress conditions. In tests conducted under 
U. S. military supervision, it functioned efficiently at 
temperatures ranging from +114° F. to —76° F. The 
Bendix pump is easy to install and service, has a 
built-in pressure release, delivers more gallons per hour, 
and positively prevents vapor lock. To repeat, the 
Bendix Electric Fuel Pump pays off in performance. 


Write for descriptive folder and specifications. 
*Reg. U.S. Pat. Of. 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 
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MORE DESIGN FREEDOM | 


“trans fer 
without 
complicated 
' gearing a 


SIERRA MINIATURE ME CHANICAL 
CHAIN AND SPROCKETS... 


Provide precise, positive motion transfer 
through several planes simultaneously with NEW 
no cable slippage...no complicated gearing. CATALOG 
Unlimited center-to-center selection for min- aa 
iature and sub-miniature assemblies in servo 
systems, gyro systems, special cameras, 
electronic equipment, and small precision 
instruments. Less weight, cost, maintenance 
—wider tolerances. Designed to operate 


around minimum 7-tooth sprocket with root 
diameter of .250 inches. Chain pitch 

.1475 inches; Weight .45 oz. per lineal ft. 
Material: stainless steel, or other materials, 
including non-magnetic beryllium copper. 


123 E. Montecito Avenue, Cir rZ> | 
Sierra Madre, California | “ENGINEF! 


Contains useful 
application data, 
specifications, 
tables on ehain 
pitch and sprocket 
sizes, suggestions 
for calculating 
center-to-center 
distance. Write 
for yours today. 
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INDICATOR LIGHTS 


for heavy duty industrial applications 


Mounts in 1“ 
clearance hole 


No. 104-3502-XP 10-231 


DISCS with legends, 
behind flat lenses, 
deliver specific messages. 


NO OIL, WATER, 
DUST or FUMES CAN 
PENETRATE THE 


(Ilust. approx. 
60% actual size) 


Mounts in 1” 
clearance hole 
Complete oil-tightness on the No. 103-3502-1331 
panel surface is assured by 
the use of retained oil-proof 
gaskets—plus gasketed lens 
assemblies in which the iens 
is sealed to its metal holder. 


Designed for Severe Service: 
Heavy duty features include: 
One-piece solid brass bushing, 
solid brass lens holder, per- 
manent-color glass lenses, 
high impact phenolic insula- 
tion, and rugged terminals. 
Wide Range of Sizes: Series of 
units are available for mount- 
ing in clearance holes ranging 
from 11/16” up to 1-5/8” in 
diameter...with several lens styles in a choice of 7 colors.. 
with binding screw, soldering, or quick connect terminals. 
For Neon or Incandescent Lamps (with screw-base or bayonet-base): 
With Neon (including high-brightness types) DIALCO offers 
BUILT-IN RESISTORS (U.S, Pat. No. 2,421,321) for use 
on circuits of 105-125 V., and 210-250 V.; (simple external 
resistors are provided for all higher voltages). 
Every assembly is available complete with lamp. 
SAMPLES ON REQUEST—AT ONCE—NO CHARGE 
Ask for Brochure L-200A. 


"Mount in 11/16" 
clearance hole 


No. 125-1308H-1191 
(high brightness Neon) 


Foremost Mar 


ww EEE 


~ UR 


54 STEWART AVE., BROOKLYN 37, N.Y. * HYacinth 7-7600 
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SHEAR-PROOF 
ALLOY STEEL 


(0 > ae Ys Or a 8 
PINS 
Oa 


maximum resistance 


® Drill a hole and drive them in 
they're grooved and self-locking 


Provide the ultimate in physica! 
properties at moderate cost 


Re-usable without loss of holding 
power 


Now, you can get the efficiency, convenience and 
proven economy of DRIV-LOK Grooved Pins PLUS 
maximum resistance to shear, shock and fatigue, by 
specifying or installing Shear-Proof DRIV-LOK 
Pins. Made of alloy steel, heat treated to provide 
optimum physical properties and high shear values, 
Shear-Proof DRIV-LOK Pins are designed for 
critical applications where ultimate strength and 
reliability are mandatory. They are replacing alloy 
dowels, bolts, key and set screw assemblies, hollow 
pins (used singly, or one inside the other) in widely 
varied applications ... thus saving time, labor and 
material. Write for special Shear-Proof DRIV-LOK 
Pin Catalog. Sample Type A Shear-Proof Pins fur- 
nished free on request. 


type A standard ——] 


SPECIAL TYPES TO ORDER... 


I | 


Diameter 











Cc D E U 
Coiled 


es 





SHEAR-PROOF 


Slotted 
Spring Pins DRIV-LOK PINS 











2040 
3690 
5720 
8240 
14720 
22960 
33160 
45000 
58900 


3/32 1000 
1/8 2100 
5/32 3000 
3/16 4400 
1/4 7700 
5/16 11500 
3/8 17600 
7/16 20000 
1/2 25800 


1030 
1840 
2880 
4140 
7360 
11500 
16580 
22540 
29440 

















DRI. LOK SALES CORPORATION 


715 PARK AVENUE SYCAMORE, ILLINOIS 
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NEW DOERR 14-PAGE 


Ca 


AND MOTOR 
‘IDEA BOOK’ 


Fleetrte Motors 


ARE YOU an original equipment manufacturer? If so, you'll 
get lots of practical, job-solving suggestions from this new 
14-page “idea book” of DOERR electric motors... useful 
data for designing, selecting and specifying. It shows many 
DOERR special designs that can help you. It also gives you 
complete dimension and price data on DOERR standard 
motors...in time-saving, condensed form. Put the new 
DOERR “idea book” to work for you... 

Get Your Copy... Write Today, 

on Your Company Letterhead to... 


; ELECTRIC 
CORPORATION 


DOERR OFFERS: 


@ Standard and special motors in 
fractional and integral hp. ratings. 


4 @ Dri om proof, totally enclosed 
explosion-proof types. 


@ Face-mounted and flange- 
mounted models; brakemotors. 


@ Right-angie gearmotors to 5 hp. 

@ Full co-operation on specials. 
92 N. FOURTH AVE. 
CEDARBURG « WIS. 
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JUST 
OFF THE 
PRESS 


770 FACT-FILLED PAGES 
91 PHOTOS and DRAWINGS 
3 YEARS of EDITING 


COMPLETELY NEW SOURCE BOOK 


includes annotated 
bibliography 

reporting concisely on all 

writings about Indium 


properly indexed and sec- 
tionalized for reference. 





PRIVATELY 
PUBLISHED 


This new reference book on Indium will 
find its place in hundreds of university 
and technical libraries in many countries. 
It will be a worthy companion to re- 
search-minded engineers — everywhere! 


Write for information bulletin today. 


SINCE 1934 pioneers In THE DEVELOPMENT 


AND APPLICATIONS OF INDIUM FOR INDUSTRY 


ono 


THE I N DI U M CORPORATION OF AMERICA 


2076 LINCOLN AVENUE 
UTICA, NEW YORK 
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hor the first time! 
COMPLETE, SKIN- TIGHT, ONE- 
PIECE VINYL INSULATION FOR 
FULL-SIZE ALLIGATOR CLIPS 





SNUG AND TOUGH 
AS AN ALLIGATOR SKIN! | gail 


+ 





4 
{ 


Mueller’s New No. 72 Insulator 7 G 
for 70-Series Alligator Clips... 4. % 


1 1 ' At 
Sold separately. Red, Black, and four special colors Ny 


{THIS IS TRUE “ALLIGATION”! 
FOR LOWER COST THAN ANY OTHER 
COMPLETELY INSULATED ALLIGATOR! 


INSULATOR 
COVERS RIGHT 
DOWN TO 
FULL JAW THE NOSE! 


‘ 
i 
| SPREAD 


a TEETH COVER # 
€0. JAWS OPEN ‘ deed a 
Bon costo LL cu 


TOUGH, FLEXIBLE. SKIN-TIGHT 
ONE PIECE VINYL INSULATOR ; 
ONLY 023° THIN 


a 2 ee insulator and clip ...on request. 


Mullan Clchic 
1589Q East 31st St., Cleveland 14, Ohio 
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BHEW 


Hydraulic Cylinders 


e Specific Adaptations 
e@ Application Engineering 


e Basic Designs 
e@ Superior Quality 


THIS Is BHEW’S “DUAL PILOT’ CHECK VALVE. It 
insures positive piston rod lock in any position 
when the directional control valve is in neutral. 
You know the rod will not drift. This simplifies 
hydraulic line circuitry, eliminates separate pilot 
operated check valves, connections and lines. 


e@ BHEW furnishes hydraulic cylinders with 
single or dual P.O.C. valves, with or without 
speed control. 


Production parts save you money, do the job 
better! BHEW basic cylinders can easily be 
modified to fit your specific product applica- 
tions. You benefit from production economies; 
you get custom-built cylinders. 


Let’s discuss your design and application 

problems — a 
FREE! 

Write today for Hydraulic Cylinder Engineering Reference 

data — 78 dimensional basic designs for general-purpose 


and special-purpose double-acting and single-acting cyl- 
inders. SAVE TIME. 


BENTON HARBOR ENGINEERING WORKS, INC. 


622 Langley Avenue St. Joseph, Michigan 
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Entries 
now 
being 
accepted 


— Copper and Brass 
AIRMATIC Achievement Award 
Mi IN } ATURE é ; 1st prize: $1,000 plus bronze award 
The Annual Copper and Brass Achievement Award 
Al R CYLI N DERS honors the year’s outstanding contribution to advancing 
: the use, application or metallurgy of copper, brass, 
bronze or other copper-base alloys. For entry form and 


compact, space-saving complete details, write to: COPPER AND BRASS RESEARCH 


and easily installed | ASSOCIATION, 420 Lexington Ave.,New York 17, N. Y. Dept. MD 
Circle 641 on Page 19 








Wherever space is at a premium, Airmatic € 
Miniature Air Cylinders are today’s number 


one selection for aiding in dependable, main- 


tenance-free automation. Y 0 a he 


For activating electrical contacts in test jigs 


and fixtures—as miniature air vices—in auto- 
matic work for feeding, ejecting, soldering => a G e3 L a NM ee 


and many other applications. In fact, applica- 


tions are limited only by the ingenuity of in- 


PARTS? MATERIALS? 
COMPONENTS? FINISHES? 


dustry’s design and production engineers. 


Shown here, for example, is Airmatic No. 
C-1125 mounted on the gravity feed chute of a 
Perhaps one of our advertisers in this issue 


of MACHINE DESIGN has the solution to your 
dilemma. We'll be willing to bet that this 
issue contains information that is essential 


vibrating parts feeder. 
The complete miniature line (with bores of 
%”", %", %", 1”, 1%", 1%” and 2”) are de- 


signed with thick brass tube walls. 


Airmatic products lead the field in quality, to answering your problem. 


Fill out one of the yellow inquiry cards and 
send it to us. No letter or postage is neces- 
sary. We will forward your inquiry to the 
advertiser and he will reply directly to you. 


delivery, price! Get your copy of “Airmatic 
Cylinders for Automation”, Bulletin 91017, 


4444444 


today. 


AIRMATIC “ic: 
A INC.: 
7313 Associate Ave., Cleveland to Ma @] al ie) 


Phone: WOodbine 1-5320 @ Western Union: Airmatic Valve, Inc., FAX, Cleveland, Ohio 


Why not do it right now? 
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Special flange construction for hydraulic 
pump applications. Motor design to be 
polyphase and capacitor with special 
machined shafts, mounting arrange- 
ments and other mechanical elements. 


Special motor parts to meet exacting 
design requirements . . . torque, envelope, 
temperature and atmosphere 


7 











ELECTRIC 
MOTORS 


J & H Customized Motors are built to 
meet problems of individual design, 
exact operating conditions and space 
limitations. A-C induction motors — 
single and three phase, in ratings up to 
3 hp (up to 15 hp for submersible 
motors). Prompt quotation follows 
receipt of your inquiry. Write Jack & 
Heintz, Inc., 17626 Broadway, 
Cleveland 1, Ohio. 


uMomized SS rw wn «& 4 4 | oe ee Oe 4 
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Submersible motors or 
parts with length/diam- 
eter ratios to fit special 
requirements. For oper- 
ation in water, oil, gaso- 
line or other fluids. 


Special low silhouette motors to meet 
specific space limitations of diameter, 
length or height. 





A JOB—Nor TO 
FIT A MOTOR 








SHIELDED TYPE 


PLUGS & SOCKETS 


LOW LOSS PLUGS AND 
SOCKETS FOR HIGH 
FREQUENCY CONNECTIONS 
For quality construction 
thruout, and fine finish, 

see diagram above. 

101 Series furnished with 
Y%", .290", 5/16”, %”", or 
Yo" ferrule for cable en- 
trance. Knurled nut securely 
fastens unit together. Plugs 
have ceramic insulation; 
sockets bakelite. Assembly 
meets Navy specifications. 

202 Series Phosphor bronze 
knife-switch type socket 
contacts engage both sides 
of flat plug contacts—double 
contact area. Plugs and 
sockets have molded 
bakelite insulation. § 

For full details and 
engineering data ask 
for Jones Catalog No. 22 

JONES MEANS PROVEN QUALITY 
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WORM GEAR 
SCREW JACKS 
by JOYCE 


For... 

Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 

vd Leveling Systems 
mae Welding Positioners 

Jigs 
Testing Equipment 


Models, one ton and up. Can be driven by 
motors or manually operated . . . synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available . . . also 
Stainless steel or hollow screws. 

SEND COUPON FOR FOLDER TODAY! 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 


NAME 





COMPANY. 





ADDRESS 
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DIVERSE 
TYPES OF 


DRIVE 
WHEELS 


SIMPLIFY YOUR PRODUCT 
PROPELLING PROBLEMS! 


ALL TYPES—MANY SIZES: 
@ Let field tested and proven ALLIED Drive Wheels 
solve your propelling requirements. Big selection of 
high production stock types and sizes, at favorable 
prices! 
SPROCKET DRIVE WHEELS —7 to 10” dia. for low 
speeds and weights. 


PULLEY DRIVE WHEELS — 8 to 12” dia. for up to 
350 Ib. loads. 


KEY DRIVE WHEELS —8 to 12” dia. for 10 mph 
speed and larger loads. 


WASHER DRIVE WHEELS —6 to 12” dia. for walk- 
ing speed only. 


COTTER PIN DRIVE WHEELS — many sizes. 


VARIATIONS AT SMALL COST 


Slight modifications of ALLIED stock Drive Wheels can be 
made with minimum or no tooling cost—to meet 0.E.M. 
precise requirements in production quantities! 


FREE ROLLING WHEELS TO MATCH 


ALLIED offers matching companion wheels for all 
types and sizes of Drive Wheels—choice of any 
standard bearings. Hub Caps available for all wheels too! 


FOR DETAILS, WRITE DEPT. MD 


ALLIED WHEEL PRODUCTS, Inc. 
27 BROADWAY ¢ TOLEDO 4, OHIO 


Representatives and Warehouses in Fifty Principal Cities 
Circle 645 on Page 19 








Arbor press convertec’ to high 
production power press, using 
double end cylinder, Time 
Delay Switch, Flow Control 
Valves, and related equip- 
ment, Flow Valves permit 
independent ram speed ad- 
justment in both directions. 
Differential pressure between 
“A” and “B” gages caused 
by throttiing effect of Flow 
Control Valve creates time 
interval in working pressure 
build-up, which is compen- 


AUTOMATION 


TIME DELAY 
SWITCH 


FOR CONTROLLED TIME 
DWELL OF AIR OR 
HYDRAULIC CYLINDERS 
© Holds dwell accurately to 

fraction of second 
© Automatically re-sets 


© Designed for millions of 
actuations 


Pneu-Trol Time Delay 
Switch will hold any cylinder 
controlled motion or opera- 
tion at a positive stop on 
either end of the stroke for 
Y% to 60 seconds in 20 to 1 
ratios. Simple, easy to adjust. 
Automatically re-sets after 
each actuation. Positive, con- 
trolled time dwcll permits 
wider use of air or hydraulic 
power in automatic opera- 
tions, increases accuracy of 
work by insuring split-second 
accuracy of time dwell. 
Available with many thrust 
linkages for left and right, 


sated for by Time Delay dows, up, or horizontal 
Switch — This oe thrust. Write for Special 
consistently accurate working Pf 

pressure on the ram. Bulletin TDS-59 

















Lepel 
HIGH FREQUENCY 


HEATING 


HARDENING 
SOLDERING, 
ANNEALING 
MELTING 
-BRAZING 


LEPEL Electronic Tube 
GENERATORS —1 KW; 212 KW, 
» 5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 
75 KW; 100 KW: 
LEPEL Spark Gap Converters 
2 KW; 4 KW; 72 KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG ... . 36 illustroted poges 
pocked with. valuable information 


, aS, | a 
All Lepel equipment is certified to comply with. the 
requirements of the Federal. Communications Commission: 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


SSth STREET end 37th AVENUE, WOODSIDE 77, NEW YORK CiTY, N. Y. 
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2925 GRANT STREET 


_|BELLWOOD Chicago Suburb) ILLINOIS 


Circle 646 on Page 19 





ENGINEERS 


AVAILABLE OR WANTED 


WANTED: CHIEF ENGINEER. Graduate engineer preferred, 
or other with comparable experience and background will 
be considered, to supervise Engineering Department en- 
gaged in all phases of design, manufacture, plant layout of 
foundry equipment, and installation of complete foundry 
automated molding lines of foundry equipment. Experience 
and proven background in machine design and foundry 
operation essential. Send complete resume to MACHINE 
DESIGN, Box 965, Penton Bldg., Cleveland 13, Ohio. 


AVAILABLE: Long-established manufacturer of steam and 
machinery specialties has opening for Mechanical Engineer, 
preferably with experience in the use of steam for process 
and heating, as related to the manufacture and application 
of steam traps, control valves and similar products. To 
assist Chief Engineer in design, application and sales 
engineering. Location Eastern Pennsylvania. Send resume 
of qualifications, experience, when available and salary 
requirements to Box 964, MACHINE DESIGN, Penton Bldg.. 
Cleveland 13, Ohio. 
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backtalk— 


—With Gnashing of Teeth 


“Your cover illustration for the January 7 
issue of Macuine Desicn,” reads a recent fan 
letter, “has set mechanical engineering back 
for years with its inside-outside gears rampant 
on a field of red.” This unusual conception of 
gears may or may not have distressed other 
readers, but being loyal Farnsworthphiles, we 
will defend George’s right to draw gears “in- 
side-outside” any time he sees them that way. 

Close scrutiny of the cover reveals that— 
far from setting mechanical engineering back— 
it has scored a sort of breakthrough. The in- 
volute curve on the ring gear teeth is not the 
one you would normally expect, yet George 
has managed to make these teeth mesh beau- 
tifully with those on the planetary gear. 


—Auld Acquaintance 


Expansion of Macuine Desicn’s editorial 
staff has made the introduction of new editors 
a fairly regular feature of this page, a situation 
which generated the idea of dusting off the not- 
brand-new editors and giving you a look at them 
too. We begin with the gentleman whose pic- 
ture appears regularly on our editorial page. 


Colin Carmichael, a Scottish import, was 
born in Glasgow, graduated from that city’s 
university with a B. Sc. in mechanical engineer- 
ing, and soon after headed west to the United 
States. He arrived in 1929, shook the heather 
out of his slide-rule holster, and set to work 
designing marine diesel engines for Sun Ship- 


building and Dry Dock Co. in Chester, Pa. 
He then taught mechanical engineering and 
machine design at the University of North 
Carolina and Cornell, respectively, and cli- 
maxed his academic career at Rutgers, where 
he had charge of machine design courses. 

Colin joined Macnine Desicn in 1942 as an 
associate editor; he was made editor in 1949. 
During the early days of his term here he also 
took on the editing of the design and produc- 
tion volume of Kent’s Mechanical Engineers’ 
Handbook. In 1950 he served as chairman of 
the Machine Design Div. of ASME, and last 
year was president of the Society of Business 
Magazine Editors. He is also a member of the 
scientific advisory council for Picatinny Arsenal. 

A believer in the no play equals dull boy 
doctrine, Colin is currently off on a five-week 
European vacation. He'll visit a half-dozen 
countries besides Scotland and will have a bus- 
man’s holiday at the Engineering Materials 
and Design Exhibition and Conference being 
held in London. 


—Hot (or Cold) Jewelry 


Style note for the engineer who has every- 
thing, including a working slide-rule tie clasp: 
An outfit in New York is now selling ther- 


mometer tie clasps and cuff links. Dials are 
calibrated from —20 to 120 F, and the instru- 
ments are sensitive to within | degree. 


—Week After Next... 


If you’ve got to get organized and can wait 
two weeks, an article in our next issue will 
prove helpful. This article discusses engineer- 
ing projects and their three stages: Concept, de- 
sign and manufacturing, and testing and com- 
pletion. The two classic types of organization 
—project and functional—don’t always fit all 
stages of development, so George Fried of AMF 
suggests and outlines an elastic “Convertible 
Engineering Organization.” 
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Yes, Nosco’s famous “Can Do” ingenuity is contributing to a 
healthier America. Where doctors are fighting Asian Flu, you'll 
find this custom-molded Nosco Biological Kit by their side. 
Lederle Laboratories wanted to make their precious flu vaccine 
easier for doctors to preserve and transport. They came to Nosco 
with their special requirements for a multi-vial carrying case. 
The container had to demonstrate striking clinical cleanliness and 
easy washability. Great shock resistance and chemical inertness 
were also necessary. And cost was important. 

Nosco said “Can Do” and began transforming customer speci- 
fications into practical design. From flexible polyethylene they 
molded the container with an integral hinge for connecting the 
base and cover. A white expandable styrene liner was assembled 


NOSCO plastics, inc. - erie 


Circle 648 on Page 19 


into the base to give additional shock and thermal insulation. 
Further protection is provided for the vials by the clear acrylic 
panel, which hinges freely with the case by means of integral 
pivot lugs. 

Nosco’s finishing department hot stamped “BIOLOGICALS” 
into the cover and crimped male and female eyelet elements into 
the case. Finally, the assembled composite units were individually 
plastic-bagged to preserve the clinical quality. 

Complex projects like this biological kit are routine at Nosco. 
In injection molding and decorating, Nosco “Can Do” is time 
tested. Let us show you how these skills can produce your plastic 
parts in volume and at reasonable costs. For more information, 
just write or call. 


Pa. One of the world’s great injection molders. 
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Add up the SAVINGS and see why... 


YOU SAVE DESIGN TIME. Optional mounting gives 
full scope to your designing skill. Drive arrangements 
are not restricted by the mounting limitations of 
conventional gearhead motors. 


YOU ELIMINATE EXTRA COST OF SPECIALS. With 
OPTIMOUNT Ratiomotors FROM STOCK, you can 
meet hundreds of unusual drive conditions that would 
require “specials” in conventional gearhead motors. 
You save the delay and extra cost. 


YOU REDUCE PARTS COST. Since opTIMOUNT offers 
a choice of many output shaft positions, you can 
design for direct lineup — and eliminate extra cou- 
plings, bearings, and other parts needed to “hook up” 
a conventional gearhead motor. 


YOU SPEED PRODUCTION. Order the OpTIMOUNT. 
you need with a phone call to your local Distributor, : : 

: cdi : ee : shaft on pigment mixers in coated textiles plant. Manufacturer says: 
without delay, maintain schedules, and avoid big “OPTIMOUNT adaptability permitted simplified, efficient design for our 
inventory expense. specific needs . . . at a much lower cost for the complete installation.” 
YOU SIMPLIFY SERVICING. All OPTIMOUNT com- 
ponents are standardized stock parts — available 
promptly from over 100 Boston Gear Distributors 
throughout the U. S. and Canada. 


Ask your BOsTON Gear Distributor for complete 
information. Boston Gear Works, 64 Hayward St., 
Quincy 71, Massachusetts. 
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Advt. copyright by Boston Gear Works : 
. Se ee Circle 402 on Page 19 


First U.S. double-bed lathe... Le Blond’s huge “Admiral. . 
assures spindle rigidity with Timken® bearings 


T’S a giant!... this lathe built by 

R.K. Le Blond Machine Tool Co. 
Named the “Admiral”, it’s the first 
U.S.-built double-bed lathe. And it 
weighs 75 tons, is 54 ft. 6 in. long, 
120 in. wide. To maintain spindle 
rigidity under 50,000 Ib. line load, 
Le Blond mounts it on Timken® ta- 
pered roller bearings. And for extra 
quality, the lathe ways are made of 
Timken 91140 steel. Le Blond uses 
Timken bearings to get: 
1) Special precision. Timken bearings 
are made specifically for precision 
spindle applications. 


2) Extra load-carrying capacity. Full- 
line contact between rollers and 
races gives Timken bearings extra 
capacity and their tapered design 
lets Timken bearings take both 
radial and thrust loads. They hold 
the spindle rigid. 
3) Extra toughness. The bearing’s 
heart—the steel—is the finest bear- 
ing steel available. 
4) Virtually eliminate friction. 
Timken bearings are designed and 
precision-made to roll true. 

For machines that perform better at 
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Circle 403 on Page 19 


lower cost, be sure the ones you buy 
or build are equipped with Timken 
tapered roller bearings. When 
you buy Timken bearings you get... 
1) Quality you can take for granted. 
2) Service you can’t get anywhere else. 
3) The best-known name in bearings. 
4) The pace setter in lower bearing 
costs. The Timken Roller Bearing 
Company, Canton 6, Ohio. Cana- 
dian plant: St. Thomas, Ontario. 
Cable address: “‘TIMROSCO”. 
Makers of Tapered Roller Bearings, 
Fine Alloy Steels and Removable 
Rock Bits. 
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